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Store 

Thcst. opcr»oom add the contents of two registers to produce a virtual address, and store 
the content* of a register into memory. 



Operation codes 



S.8" 


Store byte 


S.16.8 


Store doubfe big-endian 


S.16AB 


Store double aligned biq-endian 


S.I6.L 


i Store double little-endian 


S.I6AI 


Store double aliened little-endian 


132.B 


Store quad let big-endian 


132AB 


Store quadlet aligned *»Q-endian 


S.32.L 


Store quadlet little-endian 


SJ2AL 


Store quadlet aligned little-endian | 


164.B 


Store octlet btg-endi^n 


S.64AB 


Store octlet aliqned biq-endian 


S.641 


Store octlet little-endian 


S.64AL 


Store octief aliqned little-endian 


S.I28.B 


Store hexiet biq-endian 


S.I28AB 


Store hexiet aligned big-endian 


S.128.L 


Store hexiet little-endian 


S.I28AL 


Store hexiet aligned little-endian 


S.MUX64AB 


Store multiplex octlet aligned tfq-endian 


S.MUX64AL 


Store multiplex octlet aliqned little-endian ; 



number format 




size 


alignment 


orderinq 


hyte 




8 






integer 




16 32 64 128 




I. B 


integer aligned 




16 32 64 128 


A 


L B 


muftipksx 


MUX 


64 


A 


L B 



Format 
op rd.rc.rt> 
op(rd/c,rt>J 

3J 24 23 18 :/ 12 I ? 65 0 

1 S MINOR | rd | rc 1 rb T op 1 

8 6 6 6 6 



-V8 nerd oof «p~afy byte ordrrm^ nor need m tprcify alignment checking, at ti tiorrfl a wgle byte. 
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Description 

An operand size, expressed in bytes, is specified by the instruction. A virtual address is 
computed from the sunt of the conttnts o f register rc and the contents of register rb 
multiplied by operand size. The contcnu or register rd, treated as the size specified, is scored 
in memory using the specified byte order. 

If alignment is specified, the computed virtual address must be aligned, that is, it must be an 
exact multiple of tiie size expressed in bytes. If the audi ess is not aligned an "access 
disallowed by virtual address" exc; ptio.i occurs. 

Definition 

def Storefop.rd.rt/fci as 
case op of 
S8: 

sue 8 
SI6U S16AL SI68. S16A6: 

we «~ 16 
S32L S32AL S22B. S32/3 

sire 32 
S64L S64AL S64a S64AB. 
SMUX64AB. SMUX64AL: 

SUt «- 64 
SI28L SI28AL S128C. S128AB: 

aze «- 128 

endcase 
hue tog(svej 
c*se op of 
S8 

order 4- undefined 
SI6L S32L S64L SI28L 
S16AL S32*L SSAAL S128AL SMUX64AU: 

order L 
SI6B. S32B. *64B. S 1 288. 
S16AS. S32AB. S64AR S128AB. SMUX64A8J: 

oroer «- B 

endcase 

c «- Kegfteadfrc. 64) 
b RegRead|ro. 64) 
VKXAddr *- t ♦ Ib66^y2e C ' I 
cw op of 

S16AL S32AL S64AL S128AL 
S16AB. S3Z*B, S64A8. S12SAB. 
SMUX64AR SMUX64AL: 
•f fciwe-4.0 * 0 tt*n 

raise ^c«sCrsaWo\vedByVKiual*doYess 
endtf / 
SI6L S32L S64L SI28L 
St 66. S32B. S64B. SI 288: 
S8 

endcase 

d #- RegReadfrd. 128) 
case op of 
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sa 

SI6C SI6AL Stta 
S32U SJ2AL S32E S32AB. 
S64L $64 AL S64a S64Aa 
SI28C SI26AL SI28a SI28A& 

StoroMmx)ry(cVVtAddf order , q) 
SMLiX64Ad $MUX64AI r 

lock 

a LoadMemoryWJc.Virt^^ 
enctocfc 

endcase 

Easfiptiam 

Accra dutatfcmrd by virtual ftddrrn 
Accra AsaAowrd In* tig 
Accra dualowvd L«y rfobJ ID 
Accra dmtkmrd by local TR 
Accra drtaal rrquurd br tag 
Accra dctad icquued b> kxr*J ID 
Accra detail mjuuvd In giobil ID - 
l*cal ID mm 
Global TB mm 
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Store Double Compare Swap 

These c>perao<>m compare two 64-bit values in a register against two 64-bit values read from 
two 64-bit memory locations, as specified by rwo 64-bit addresses in a renter, and if equal, 
stiire two new 64-bit values from a register into the memory locations. The values read from 
memory are catenated and placed in a register. 



Operation code* 



S.D.CS.64AB 


Store double compare swap octlet aligned big- 
endian 


S.O.C.S.64AL 


Store double compare swap octlet aligned irttfe- 
crxlian 



Format 



op rddrcrto 

rd=opfrd,rcrbJ 

31 24 23 18 17 12 II 

I S. MINOR 1 rd 1 r c j 7b 

8 6 6 ' T 



Two virtual addresses arc extracted from the low order hits of the contents of register? rc 
and rb. Two 64-bit comparison values are extracted from thc high order bit? of the contents 
of rasters rc and rb. Two 64 -bit replacement values are extracted from thc comrnts of 
register rd. The contents of memory using the specified byte order are read from the 
specified addresses, trc.ued as 64-bit values, compared against thc specified comparison 
values, and if both read values arc equal to the compans* n vaiucs, thc two replacement 
values are written to memory using the specified byte order. If either arc unequal, no values 
are written to memory. The loaded values are catenated and piaccd in the register specified 
by rd. 

Thc virtual addresses must be aligned, that i* % it must be an exact multiple of die size 
expressed in byres. If the address is not aliened an "access disallowed by virtual address" 
exception occurs. 

Definition f 

def StoreOoub^ompareSwapfop.rd.rc.rf^ *s 
uze 4- 64 
toe *- <og(size| 
case op of 

SOCS64AL 

order 4- I 
SOCS64A& 
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order «- 8 

endcase 

c «- Regfceadfrc 128) 
b RegReadfrtx 128) 
d RegSeadfrd. 128) 
* ta..O * 0( or (l>2..o * °l 

raise AfxessOrsallowed8yV^^ 

endrf 
lock 

a «- loadMemoryWfc^ o. c 63 ..a64 # orderj 1 1 Lc -JMemoryWie^j .o. b 63 .a64.ordcrj 

d (K 127 64 1 I t>|27..64J ■ *J 

StoreMe m oryffC63..0C63.0>^>o rtfgr >^ 1 27 64) 
StoreMemory(l)63.A b 63..0'^ 4 .o r<to '' d 63..o) 

end* 
endlocfc 

&eg\Vntefrd 12a a) 
enddef 

EgSSBfigQI 

Acceai draBowed by virtual ^idrcM 
Accent Awimd bv lag 
Acce* desalowed In global TB 
Accm anfeifd by local TB 
.Vcceai drtad lequued by tag 
Accra* detui tequued by local TB 
Accrai detail requued by global TB 
Local TB tmn 
Global TB mat 



/ 
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Store Immediate 

These operations add the contents of a register to a sign-extended immediate value to 
produce a virtual ».!dre»s, and *tore the contents of a register into memory. 



Operation codes 



imp* 


Store immediate byte 


1I.I6AB 


Store immediate double aligned big-endian 


SI I6.B 


Store immediate double biq-endian Hi 


S.I.16AL 


Store immediate double aligned little-endian 


S.I 16. L 


Store immediate double little-endian 


11.32 AB 


Store immediate quad let aligned btq-endian 


1IJ2.B 


Store immediate quadlee big-endian 


1I.32AL 


Store immediate quadlet ahqned tittfe-endian 


11.321 


Store immediate quadlet little-endian 


11.64 AB 


Store immediate octlet afcgned big-endian 


1I.64.B 


Store immediate octlet big-endian 


11.64 AL 


Store immediate octlet afegned little-endian 


11.641 


Store immediate octlet fittfe-endian 


S.M28AB 


Store immediate hexlet afigned big-endian 


11.1 28 B 


Store immediate hexlet biq-encHan 


11.1 28 AL 


Store immediate hexlet aligned little-endian 


11.1281 


Store immediate hexlet little-endian 


SMUW.64AB 


Store multiplex immediate octlet aligned big-endian 


1MUXJ.64AL 1 Store multiplex immediate octlet aligned fctde-erxfen 



SfilCfliQQ 



number fexmat 


op 


size 


alignment 


ordering 


byte 




6 






integer 




16 32 64 128 




L B 


integer aligned 




16 32 64 128 


A 


L B 


multiplex 


MUX 


64 


A 


L B 



Format 

Soplsizeattgnorder rd.rcoffset 
sopwealignorder(rd.rc.offseq 

31 24 23 18 17 12 II 0 

I op I rd I rc /\ offset I 

9 6 6 12 



not specify byte ordervtg, nor need ir *peciry alignment checking. as it ttom • single byte 
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An operand size, expressed tn bytes, is specified by the instruction. A virtual address is 
from the sum of the contents of register rc and the s^n-cxtended value of the 
offcet field, mulnphed by the operand size. The contents of renter ul. treated as the size 
specified, are written to memory using the specified byte order. 

The computed virtual address must be aligned, that is, it must be an exact multiple of the 
sue expressed tn bytes. If the address is not aligned an "access disatLnted by virtual address" 
c'tccptktfi occurs. 

Oef Stor^mmedvatefop Td.rc.ofrsetj as 
case op of 
SX8 

sue «~ 8 
U\6L yi6AL Slt6a SJI6AE 

size «~ 16 
SI32L SJ32AL SI32a S13ZAa 
«- 32 

SI64L SJ64AL SI64a SJ64A8 SMUXIMAB. SMiJX164AL 

sue «- 64 
W28L Si:28AL SI \ 288, S112aVi 

we 4- 128 

endcase 

toe «- togfsuef 

case op of 

order «- undefine d 
SJI6C U32L SJ64C S/I28L 
SH6AL SJ32AL SJ64AL yi28AL SMUXI64AL 

order «- L 
SI 1 68, SI32a SI64B. Si 1 288. 
S/16A8, y32Aa SI64AB. Sil28Aa SMUXJ64^ 

order B 

endcase 

c ffe^fteadfrc. 64J 

WtAddr c ♦ forTiet^^» » i offset I I 
case op of 

SII6AL S/32AL Si64AL SI128AL 
Sil6A8. Si32AB. SJ64A8. SI128A8. 
SMUXI64A8. SMUXI64AL: 
* fttote^ o*0 lt>en 

raise Accessf>saMcM«d8yVirtuaiAdcvcss 

end* 

yi6L W32L SJ64L yi28L 
SM68. W32B. y64B. yi288: 
SI8: 
endcase 

d — ft^Peadfrd 1281 
case op of 
SIB. 

yi6L yi6AJL yi6B. yi6A8 
y32L y32AL y32B. y32Aa 
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SM4L SJ64AL «64& 

SII28L SII2WI y?28Aa 

SMUJ064Aa SMUJ064AL 
toe* 

m «- Hl27-M * <%JJ)I I fa L -d^j oJ 
SiorcMiuMyfcVWtAddrjtie^ordef^ 



enddef 
Excep tiorg 



ACCCM 
VCCCM 

Accra 
Accra 
Accra 

Accra dctad trjumd bf InoJ TB 
Accra drtsl rcquned br fttobaJ TB 
l^calTBora 



by wmI tddtra 

br global TB 
by load TP 
rwfWbjrt^ 



/ 
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Store Immediate Inplace 

These operations add the contents of a register to a sign extended immediate value to 
produce a virtual address^ and stt*e the contents of a register into memory. 



Operation cocta 



SAS.I.64AB 


Store add swap immediate octtet aligned big endian 


SAS.I64AI 


Stoe add swap vnmedute octtet aligned kttfe-endian ^ 


S.CS.I64AB 


S*ore compare swap immediate octtet afcgned Og-codwr ' 


SCS.I.64AL 


Swre .-otiptre swap imnwtef octfct abgnea luar-fi-KJwtn | 


SMS.J.64AB 


Store mL*p»m swap vnmedute octtet aligned C»q-erxJ»n 


S.M.S.I.64AL 


Store muMplex swap immediate octtet afcgned fctoe-endiar. 



number format 


°P 


size 


alignment 


ordering 


add- swap 


AS 


64 


A 


L B 


compare-swap 


CS 


64 


A 


L B 


mufbpiex-swap 


Mi 


64 


A 


L B 



Sop.l 64 ahgnorder rdOrcoffset 
rd=soprMaNgnorder|^arc.<yfsetJ 

31 24 23 13 17 1? II Q 

1 op i rd | rc | offset 

8 6 6 I? 



Description 

A virtual address is computed from the sum of the contents of register rc and the sign 
cxtmded value of tlu off*-! field. The contents ot memory lining &c specified byte oider arc 
read and t.cated as a 64- hit value. A specified operant is performed beruccn the memory 
contents and the ordinal om rents of rcgitcr rd. and the icsult is written to memory using 
the specified byte order The original memory co. rent* are placed into register rd. 

The compiled \irtual address »nus< he aligned, that is. tt must hr an exact multiple of ;he 
size expressed tn bytes. If the address is not aligned an ' access disallowed by virtual address" 
exception occurs. / 

DsSation 

def Store.mmrcl^seHnpidcefop.f d.rc.ort set) as 

UZ9 - 64 

case op of 
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SASJ64AL SCSJ64AL SMS464AL 

order L 
SASJ64AB. SCSJ64A8. SMSJ64A8 

order 4- 8 

endcase 

Wt/Sddr c ♦ lomet??^ f 1 offset 1 1 

' K*»-4 0 * 0 

raoe Access&satowedByW^^ 

endrf 

d 4- RegReadfrd. 128) 
case op of 

SASJ64A* SASJ64AL 
■ tort 

* «- LoadMerrMxyUlc.VfctAd^ 
$»cMemoryK.WiArtdr.s«e.order.d 6 3 cr* 

enJtark 
VCSJ64UI SCSI64AL 
lort 

9 - LoadMti n oryWK WtAddrji/eordet) 

S ^ gMffnor y fc.WtAddr,stfe,order.d 1 27 mJ 



endfcxfc 
SMV64AB SMS464AL 
tort 

a «- LoadMemoryWK.Wt^ddr.we.orderI 

Hi {di 77 64 * 063 Of 1 •* * ~<*6J 0» 
StoreMernorytc.VttAddr ~w.order.nH 
mrikx* 

endcase 

Reg\*T*etrd. 64. at 
enddef 

Eaccotiom 

Accett dwAward virtual addr*** 

Ucrt« AaaaWrd t* fa* 

\cic%«<fc»aaWdU jfcaW lit 

\cccm Anlawtd K local II* 

%ccf% dead re^mrrd br raj 

\cc«t drtaal rrcjuurd by local 1H 

\ccr*t JrtMl ir«|uurd by IH 

l^cjITHmm 

l.&nfaat IH mitt 



/ 
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Store Inolace 

These operations add the content* of tu*o renters to pnnluce a vinual addres*. ind st;*rc 
the c< intents of a register into mcmon*. 



Operation jgato 



SAS.64AB 


Store add swap octlet aligned bkj-endian 


SAS.64AL 


| Store add swap octtet aligned little-endian 


1CS.64AB 


j Store compare swap octlet aligned big-endian 


S.C.S64AL 


] Store compare swap octlet aligned ftttie-endian 


SJU.S.64AB 


| Store multiplex swap octlet aligned biQ-ervAan 


S.MLS.64AL 


i Store mulbpJex swc\p octlet aigncd ittle-endian 



number format 


°P 


size 


alignment 


ordering 


add swap 


AS 


64 


A 


L B 


compare-swap 


C.S 


64 


A 


L B 


multiplex-swap 


MS 


64 


A 


L B 



format 

op r<J9rcrt> 
rd«op(fdLrcrtoJ 

31 24 23 18 17 I? 11 6 S 0 

I SMINOR I rd 1 re I rb 1 op 



Pexription 

A virtual addrcs* is computed fmm the Him of the contents of register rc and the content* 
of remitter rh multxpbcd by operand m/c 'I1k contents of n^-moty u*:ng the specified hytc 
order arc read and treated as M bits A specified operanon is perft>rmcd bcruccn the 
memory contents and the original content* of renter rd, and the result \% written to memory 
using the specified byte order The original memory contents are placed into register rd 

The computed virtual address must lie ahgncd. that is, it must be an exact mulnplc of' the 
sue expressed in byte* If the address is not aligned an "access disallowed by virtual address" 
exception occurs / 



Oef StorHnpiatdop.rd rc jtsj as 
u/e M 
•sue *ogi^ret 
case op of 
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SAS64AL SCS64*, SMS64AL 

order I 
SAS64AA SCS64/4& SMS6440 

order 6 

endcave 

c - ffeg»e#dfrc. 64) 

b Regfleadfrto. 64) 

WtAddr «- c ♦ Pu^at O ■ • O^**"*! 

* K*u*~4 o * 0 then 

end* 

d «~ *>g«e<**rd f/8| 
cw op of 

SAS64*A IAS64AL 
lort 

a « lo a dMt m oryWK. V*iAddr.«c.orde» ) 
Store Memory* VVtAddrureor^.d^j 
e>««uct 
SCS64*A SCS64AL 

ten 

J «- Lo*dM*mc^ yWK Vwt^clr.ure.orderj 
■* U * d^3 of *>cn 

-torf M emoryfc.WtAdOr order d j 77 ^ 

endt-x* 
<*f%64^ SMS64AL # 
IDC* 

J I ON^3MemoryW|c . Wt*JO »/e order} 
™ »d|*/ 64 * d^3 oi I fa 4 -d*j erf 
S*oreMernoryK.vVtAddrji/e.order7n| 
endtocfc 

endcasr 

ffrgWnerfrd 64 jf 
enddef 

VtcrM JtvMttrwc^i t* a* 
Ucr*« K jnkml I * 

Vicm JrtMl mftafed b% lr**| I'M 

\t< r»« Jrtati rr^u^rd In (l"**! IM 
!ixW I'M m»*» 
l.lnftvJ IM nil 



/ 
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Group Add 

These i>peran»ins take i^terands fmm rwo registers, peHixm opr urion.; on partition* «»(" Kits 
in the t^xrands. and place the c««ncatenated result* in a thud -c^iver. 



Qtwatifti codes 





Group add bytw 


r.inn ia 


Group add doublets 


r% Ann 


Grouo add ouadtefs 


Ann A4 


Grrxtf) add octfets 


Ann i ?fl 


Group add hodef 


c* Ann i a 


Group add Irmrt signed bytes 


r; Ann i i a 


Groty add krrvt signed doublets 




Group add fcmrt signed quadfets 




Group add krrvt skgpiHl octfets 


fi Ann i 17a 


Group add fcmrt signed nexfet 




Group add tenet unsigned bytes 




Group add hmrt unsigned doublets 




Group add limit unsigned quadfets 


&ADDLU64 


Group add ftmrt unsigned octfets 


GADO.LU 128 


Group add ferret unsigned hexfef 


000.8.0 


Group add signed bytes check overflow 


ODO 16 O 


Group add signed doublets check overflow 


OAD0J20 


Group add signed quadfets check overflow 


G^DOMO 


Group add signed octfets check overflow 


GA00128.O 


Group add signed hexfet check overflow 


G-AD0U80 


Group add unsigned bytes check overflow 


G^D0.UI6 0 


Group add unsigned doublets check overflow 


G^CO.U.32 O 


Group add unsigned qujdlets check overflow 


G/OOUMO 


Group add unsigned octkts check overflow 


G.ADO.U. 128.0 


Group add unsigned hexfet check overflow 


Redundancies 


G^OO sitc rd=rc.rc 


co GSHLI.size rd=rc. 1 


GAXXsue.O roWc.rc 


» G.SHLI size O rd=rc. 1 


G^OO Ujuw O rd=rc.rc 


« G SHL.I U.s12e O rd=rc. 1 



/ 
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Formal 

Copper Jvrcrb 
rdsgopsffefrcfb) 

Ji 24 73 IS 17 12 II 65 0 

i fljfjrg I fd I rc I rb I op I 



E^gCQBttOQ 

The c . Mtcnn of registers rc and rb arc paxxmoncd into group* of operands of the size 
specified ind added, and \i specified, checked for 'tverfWfw <* limited. nckbn# a gn>up of 
results, each of which is the sue sfrciricd. The jcrnap of results is catenated and placed tn 
reps^er rd 

Defiottoc 

d«f Groupfnp j^rr r d^t^t3| 
c RegfreaCfrt. I28| 
b «- ff-9*ead|rb. I28| 
case op of 

for » — 0 to 128 wr toy we 

endfor 
GAOOL 

for i «— G to 1 28- we by we 

. *«e * Wll * *w* ■ ■ <2fSlf <we I 0 

endfor 

GAOOLU 

for * — G to '28 we by Stfe 

t fO 1 M C,^e.| 4 « ♦ tO 1 II tVa^., J 

. - foe * 01 7 «we-l 0 

eocjfcv 
G-ACOO 

for i — 0 to 128-w* by we 

t K^g^i I i c^.| J ♦ ffVvze-i 1 1 Wi J 

* *we * *m^i ^ 

ra*se F«euV\j*icAratf vnetoc 

end* 

"W-l i *we-l 0 
endfor 

/ G^ODUQ 

for i 0 to 1 28- we ay we 

t f0» II Cph^i J ♦ K> ? M ta^e., J 
* 0 then 
raise ^otedFo^LV^twnetx 

en*T 
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ifffHip AtU! 

rncjfor 
Rcg\* ntcfrd. 128. 

lucJ point anthinrtK 
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Group Add Halve 

Ihese operations ukc operands from run rc^stcrs, perform operations on partitions of hits 
in the operands, and place the concatenated results in a third register. 



Operation codes 



GADD H 8 C 


Group add hafve siqned bytes ceiling 


G.ADD.H.8 F 


Group add halve signed bytes floor 


G/DD.H.8.N 


Group add halve siqned bytes nearest 1 


GA00.H8.Z 


Group add halve siqned bytes zero 


GADD.H. I6.C 


Group add halve siqned doublets ceilinq 


G.AD0.H.I6.F 


Group add halve siqned doublets floor 


GAD0.H.I6.N 


Group add halve siqned doublets nearest 


G^DD.H I6.Z 


Group add halve siqned doublets zero 


Gv^DD.H.32.C 


Group add halve siqned quadlets ceilinq 


GjMX5.H.32.F 


Group add halve siqned quadlets floor 


GADD.H.32.N 


Group add halve siqned quadlets nearest 


GADD.r32.Z 


Group add halve siqned quadlets zero 


GADD.HM-C 


Group add halve siqned octlets ceiling 


GADDH.64.F 


Group add halve siqned octlets floor 


G^DD.H64./S» 


Group add halve siqned octlets nearest 


GADD.H64.Z 


Group add halve signed octlets zero 


G-ADD.H.I23.C 


Group add halve signed hexlet ceiling 


G^DD.H.I28.F 


Group add halve siqned hexlet floor ~~~ 1 


G>\DO H I28.N 


Group add halve siqned hexlet nearest 1 


Gj«DD.H.I28.Z 


Group add halve siqned hexlet zero 


GJ\DD.HU.8.C 


Group add halve unsiqned byte* ceilino ! 


G.ADD.H.U.8 F 


Group add halve unsiqned bytes floor 


G>\DD.H.U.8.r\l 


Group add halve unsigned bytes nearest 1 


G^DD H.U.I6.C 


Group add halve unsiqned doublets ceilinq 


GAD0.H.U.I6.F 


Group add halve unsiqned doublets floor 


GADD.H U 16 N 


Group add halve unsiqned doublets nearest 


G*DD.HU.32C 


Group add halve unsiqned quadlets calinq 


CADD.H.U.32.F 


Group add halve unsiqned quadlets floor 


GADDH.U32N 


Group add halve unsiqned quadlets nea r est 


G.ADD.H.U.64.C 


Group add halve unsiqned octlets ceiling I 


CADD.HU.64.F 


Group add halve unsiqned octlets floor 


GADD.HU.64.N 


Group add halve unsiqned octlets nearest 


GADD.H U 1 28.C / 


Group add halve unsiqned hexlet ceilinq 


G.ADD H.U.I 28 F 


Group add halve unsiqned hexlet floor 


GADD.H U. 1 28 N 


Group add halve unsiqned hexlet nearest 
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j G-ADD.H_si2e.rnd rd=rcrc 


« G.COPY rd=rc 




1 G-ADO H U.si/e md rd*rcrc 


G COPY rd=rr 


1 

... 1 


Format 






G.cp size rod rd=rcrt> 






rd=gop$i2crnd|rcrb) 

31 24 23 


18 17 12 fl 


6 5 2\ 0 


I G.*lze | rd 


1 rc | rb 




8 6 


6 6 


4 2 



The contents of registers rc and rb are partitioned into groups of operands of the size 
specified, added, halved, and rounded as specified, yielding a group of results, each of which 
is the size specified. The results never overflow, so limiting is not required by this operation. 
The group of results is catenated and placed in register rd. 

Z (arem) rounding is not defined for unsigned operations, and a Rescrvcdlnstniction 
exception is raised if attempted. F (floor) rounding will properly round unsigned results 
downward. 

Definition 

def Groufi^ddHaNefop.nrKJ.yze.rd/c.rbJ 
c «- RegReadfrc. I28J 
b «- RegRead(rt>. 128) 
case op of 

GADDHC. GADOHF. GADOHN. GADDHZ: 

as *- cs «- bs «- I 
GADDHUC. GADOHUf. GADOHUN. GADOHUZ 

as #- cs «- bs «- 0 

if rod s Z then 

raise Reservedlnstruction 

endif 

endcase 
h 4- size* I 
r I 

for i «- 0 to 128-si/e Dy size 

p «- ||cs and c y/e .|J •» c we -i*i J • «t» and t>w e .,} » I by W .ui j 
case md of / 
none. N: 

$ osize , , . p| 

Z 

S - 0*" I 1 Pwe 

F 

C: 
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endcase 

v 4- ((as & PtoJMpI ♦ (01 Is} 
erxJfbr 

BegWrneird. 128. Jf 
mooer 

Exceptions 

Rr*rncd Inttrumon 
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Group Boolean 

These operations take operands fmm three registers, perform Ixw.lcan operations < 
corresponding bits in the operands, and place the concatenated results in the third register. 



Operation codes 



Igboolean 


| Group boolean 




Eqyivalerrciej 


GAAA 


Group three-way and 


GAAAI 


Group add add add bits 


GAAS.1 


Group add add subtract bits 


GADD.1 


Group add bits 


GAND 


Group and 


GANDN 


Group and not 


G.COPY 


Group copy 


G.NMA 


Group three-way nand 


GNAND 


Group nand 




GNOOO 


Group three-way nor ^ 


GNOR 


Group nor 


GNOT 


Group not 


G.NXXX 


Group three-way exc/us/ve-nor 


G.OOO 


Group three-way or 


GOR 


Group cr 


CORN 


Group or not 


G.SVW 


Group subtract add add bits ] 


GSAS.1 


Group subtract add subtract bits 


G.SET 


Group set 


vJ.jcf SWLJ. 1. 1 


Group set and equal zero bits 


G.SET AND.NE. 1 1 


Group set and not equal zero bits 


G.SET.E 1 


Group set equal bits 


G.SET. G. 1 


Group set greater siloed bits 




aser.au. / 


Group set greater unsigned bits 




aSET.GZ. 1 


Group set greater zero signed bits 


G.SET.GE t 


Group set greater equal signed bits 


GSET.GEZ. / 


Group set greater equal zero signed bits i 


G.SET.LI 


Group set less signed bits 1 


G.SET. LZ. I 


Group set less zero signed bits 


GSETtE. 1 


Group set less equal signed bits 


G.SET1EU1 


Group set less equal unsigned bits 


GSET.LE2. 1 


Group set less equal zero signed bits 


G.SET.NE I 


Group set not equal bits 


GSET.GE.U. 1 


Group set greater equal unsigned bits i 


GSET.LU. 1 


Group set less unsigned bits 
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G.SSA.I 


Group subtract subtract add bits 1 


GSSS. 1 


Group subtract subtract subtract bits ! 


f ct to f 


Group subtract bits " 1 


GJCNOR 


Group excluyve-rxx 


GXOR 


Group exdusrve-or 


GXXX 


Group three-way exdusive-or 


G2ERO 


Group zero 



GAAA rd&rcjb 


4— 


G. BOO LEAN rd@rc.rb, Ob 1 0000000 


GAAA 1 rd&tcrb 


— > 


GJOOC rc*3rc.rb 


GAAS. I rd&rc.rb 


— > 


GXKX rd@rc,rb 


GADD.I rd=rcrb 


— ► 


G.XOK rd=rc,rb 


GAND rd=rcsb 


4— 


G.ROOLEAN rd@rc.rb.0b 1 000 1 000 


GANDN rd=rc.rb 


4— 


G.8UOLEAN rd®rcrb.0b0!000 ?00 


G.BOOLEAN rd@rb.rni 


-* 


o BOOLEAN rd®rcrbJ7i5«6i4'3M*2k) 


u.COrr rd=rc 


4- 


G.BOOLEAN rd^rcrcOb 1000 1000 


G/VW rd@rc.rb 


4— 


G.BOOLEAN rd©rcrb.0b0l 1 1 1 1 II 


Kj.NnND rd=rcjt> 


4— 


G.BOOLEAN rc»rc.rb.0b0 1110111 


O NOOO rd@rc.rb 


4- 


G.BOOLEAN rd®rcrb.0b0000000 1 


G.NOR rd=rc.rb 


4- 


G.BOOLEAN rd®rc,rb.0b000 1 000 1 f 


& NOT rd=rc 


4— 


G.BOOLEAN rd®rcrc0b000 1 000 1 


G.NXXX rd@rc.rb 


4— 


G.BOOLEAN rd®rc.rb.0b0 1? 0 1 00 1 


G.OOO rd@rc.rb 


4— 


G.BOOLEAN rd3rc.rb.0bl 1 1 1 1 J 10 


O.Or? rd=rcrb 


4— 


G.BOOLEAN rd9rc.rb.0bl 1101110 ] 


U.ORN rd=rc.rb 


4~ 


G.BOOLEAN rd®rc.rb,0b 1 1 0 1 1 1 0 1 


/ rd@rc.rb 




GXXX rdQrcjb 


GSAS.l rd&rc.rb 




GXXX rd&rcjb 


GStT rd 


4— 


G.BOOLEAN rd@rd.rd.0b 10000001 


GSETAND.E. 1 rchrb.rc 


— > 


G.NAND rd=rcrb 


GSETAND NE. 1 rd=rb.rc 


-> 


GAND rd=rc.rb 


GSETE I rd=rbrc 


— ► 


o-ArvvjK ra=rc,ro 


C.5fT.C.; rd=rb.rc 


— > 


GANDN rd=rc.rb 


GSET.G.U1 rd=rb.rc 




GANON rd=rb.rc 


G.SETG2.1 rd=rc 


— ► 


G ZERO rd 


GSETCE1 rd=rbsc 


— ► 


CORN rd=rc,rb 


G SE'.'Jt 21 rdxrc 


— ► 


G.NOT rd=rc 


G.SET.L I rd=rb.rc 


— > 


G>\NDN/rd=rb.rc 


GSET.L.Z1 rd=rc 


— * 


G.COPY rd=rc 


GSET.LF I rd=rb.rc 


-> 


G.ORN rd=rb.rc 


GSET.LEU t rd=rb.rc 


— > 


G.ORN rd=rc.rb 


1 GSET.LEZ 1 rd=rc 


-> 


G.SET rd 


GSET.NEl rd=rb.rc 


— > 


GJCOR rd=rc.rb 
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OSer.GE.Ut rdWfcn: 


—i 


CORN rd-rb/c 


GSETL.U.1 rd=rt>.rc 


-> 


GANDN rdsrerb 


GSSA.I rd&rcrb 


— > 


G.XXX rdOrcrb 


GSSSI rd&rcrb 


-* 


GJOO< rd&rcrb 


GSUB.I rdsrcjb 


— ► 


G.XOR rd»rc.rb 


GXNOR tdurcsb 


«- 


G.BOOLEAN rd9rcrb.0b 1001 100) 


GXOR rd=rc.rt 


«- 


G.BOOLEAN rd©rcrb.0b0 1 1 00 1 1 0 ! 


OXXX rd&rcrb 


<— 


G.BOOLEAN rd3rc.rb.0b 1 00 1 0 1 1 0 


G2ERO rd 


<- 


G.BOOLEAN rd©rd.rd.0b00000000 



Selection 



operation 


function (binary) 


function |dedmal) 


d 


tmoooo 


240 


c 


11001100 


204 


b 


10101010 


176 


d&c&b 


10000000 


128 


fd&cjib 


11101010 


234 


dlclb 


11111110 


254 


d?cb 


1 1001010 


202 


d"c*b 


10010110 


150 


-d'Cb 


01101001 


105 


0 


oooooooo 


0 



Format 

G.BOOLEAN rd®trc.trb.f 

rd=gbooleani(rd.rc.rb,f) 

31 252423 18 17 12 11 65 0 

I QBOOLEAN nn| rd 1 rc | rb | II | 

7 16 6 6 6 



- 143 - 



MicmUnity 



Zeus Svstem Architecture 



Tuc, Au K 17, 1999 



Instruction Set 
Group Boole. « 



if f&xfs then 
rf f2=f] then 
if t2 then 

rc «- max|trc,trb) 
rb 4- minftrctrb) 

else 

rc «- minftrctrb) 

rb <- max(trc,trb) 
endrf 
in 0 

il 4- 0 I I f6 I I f7 I I U I I f 3 I I '0 

else 

if f2 then 
rc trb 
rb «- trc 

else 

rc <- trc 

rb 4- trb 
endif 
ih <- 0 

tl ^ — 1 I I f 6 M f 7 I I f 4 I I f 3 M fo 
endif 

else 

ih <- 1 
if f 6 then 

rc 4- trb 
rb <- trc 

il <- f| II f2 M f7 I I f4 N f3 • I fo 

else 

rc 4- trc 
rb rrh 

il 4. f 2 II fj I i f7 I I f4 M f3 I I fO 
endif 
endif 

Description 

Three value* ate taken fnrni the contents of registers rd, rc and rb. The ih and il fields 
specif)- a function of three bits, producing a single bit rest '\ The specified function is 
evaluated for each bit position, and the results are catenated and placed in register rd. 

Register rd is both a vHirrr and destination of this instruction. 
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The function is specified by eight bits, which give the result for each possible value of the 
three source bits in each bit position: 



d 


1 1 1 10 0 0 0 


c 


1 1001 10 0 


b 


1 0 1 0 » 0 1 0 


fTdcbf 


f7f6fsW3f2hfO 



A function can be modified by rearranging the bits of the immediate value. The table below 
sJviws how rearrangement of immediate value f7..n can reorder the operands d,c,b for the 
same function. 



operation 


immediate 


ffdcbf 




ffcdbj 




ffdbcf 




ffced) 


f7 f3fS fl f6 f 2 f4h 


flQb.dl 


f7 fs W i bbWo 


ffb.de} 


f7 f3fbf2 fS ft 



By using such a rearrangement, an operation of the form: b=f(d,c,b) can be recoded into a 
legal forrr*: b=f(hM)- For example, the function: b=f(d t c 9 b)=dh:v cannot be coded, but the 
equivalent function: d=rtb:d can be determined by rearranging the code for </= f(d,c,b)=dtcb % 
which is 1 1001010, according to the rule (<>z f { d.c t b)=>f(c,bj), to the code 1 101 1000. 

Encoding 

Some special characteristics of this rearrangement is »hc bas * of the manner in which the 
<~^ht function specificanon bits arc o impressed to se ven immediate bits in this instruction. 
As seci. in the table above, in the general case, a rearrangement of operands from J(d.c.b) to 
/^✓/(interchanging rc and rb) requires interchanging the values of ((> and fs and the values 
offjandfi. 

Among the 256 possible function* which this instruction can perform, one quarter of them 
^4 funcnons) arc unchanged by this rearrangement. These functions have the property that 
f6 fs tnd fWl- The values of rc and rb :4 can be freely interchanged, and so arc sorted into 
rising or falling order to indjca c the value of fr* Picsc functions are encoded by the values 
of <7, ffc f4. (j. and fo in the immediate field and f2 by whether rOrb, thus using 32 
immediate values for 64 functions. 

Another quarter of the functions have ff,= l and fs=0. Hicsc functions arc recoded by 
interchanging rc and rb, and fs. f2 and f\. They then share the same encoding as the 



~ Sole that rc and rb are the reptter tprctfien, not the register contents. 

A special case antes when rc=rb, so the somnf. of rc and rb cannot convey m fa mutton. I lowever, as only 
ihe ralues f7. (4, f± and can e% er result m thi , case, ffc (>. (2, and f 1 need not be coded for this case, so n 
special handbng is required. 
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quarter of the fur»ctions where f 6 =0 and fs= 1 . and arc encoded by the values of f;, f;>, f 2 
f|. and fo in the immediate field, thus wring 64 immediate values for 128 functions. 

The remaining quarter of the functions have f 6 =fj and M\ The half of these in which 
f2= 1 and fi =0 are recoded by interchanging rc and rb, f 6 and ft, ! 2 and fj. They then share 
the same encoding as the eighth of the functions where (2=0 and fi = 1, and are encoded by 
'he values of ft, fo, (4, f 3 , and fo in the immediate field, thus using 32 immediate vJues for 
64 functions. 

The function encoding is summarized by the table: 



f7 f6 




f 4 f 3 f2 


f I fo trotrfc 


jih 1I5 04 113 Hi »'l ilo 


rc 


rb 




f 6 




f2 f2 


|o 0 f 6 f7 f4 f3 fo 


trc 


trb 




f6 




f2 -f2 


0 0 f6 f> f 4 f 3 f 0 


trb 


trc 




'6 


0 


1 


0 1 f6 f> U f3 fO 


trc. 


trb 




f6 


1 


0 


0 1 f6 f> f4 f 3 fO 


trb 


trc 


0 


1 






1 f2 fl f7 f 4 f3 fO 


trc 


trb 


1 


0 






1 fl f2 f> f4 f3 fO 


rrb 


trc 



The function decoding is summarized by the tabic: 



ih if 5 1(4 i» 3 « 2 if; 


ilo rorb f> f$ fs U f3 


f2 fl fO 


0 0 


0 «j H4 iU tf 2 Mi 


0 0 ilo 


0 0 


t ilj «4 «4 « 2 9, 


1 1 ilo 


0 1 


« 3 «4 «4 il 2 ill 


0 1 ife 


1 


« 3 0 1 a 2 ii, 


«5 *4 Mo 



Definition 

<*ef GroupBoofean (.h.rd,rc.ruif) 
d 4- Rcgfte^rd. 128) 
c 4- Reg&earffrc. 128) 
b 4- RegReadfrto. 128) 
if ih=0 rhen 

if »<s=0 tften 

/ 4- tf 3 II *J 4 I | rf 4 M ii 2 I I tl Y I | frorbf* I | 

Hse 

f 1I3 I I U 4 II 1I4 I 1 il 2 I I tf| 1 1 0 1 1 I 1 1 4o 

erkfcf 

rtse 

f *- *3 M 0 M I 1 1 i r J ; il| II il s II «4 1 1 4o 

end»f 

for 1/4- 0 to 127 by size 

*i fallqllttf 
eocffor 

RegWttefrd. 128. a| 
enddef 
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Group Compare 

ITicv- operations perform calculations on partitions of biff in two ^cncraJ 
and generate a fixH point anthmcne exception :f the corviir.on specified is m 



Operation cod« 



G.COM.AND.E.8 


Group compare and equ..* zero bytes 


G.COMAND.E.16 


Group compare and equal zsro doublets 


G.COMvMMD.E.32 


Group compare and equal *e»o quadiets 


GCO^^SID.E.64 


Group compare and equ^< zero ccttct; 


G.COM>\ND.E.128 


Grouo compare and equal 2wo hex.'ct 


G.COM.AND.NE.8 


Gra»p compare and not equal zero bytes 


GCOM.AND.NE.16 


Group compare anJ not equal zero doublets 


GCOMvVJD.NE.32 


Group compare and not equal zero quadtets 


G.COM.AND.NE.64 


Group compete and not esua* zero octictj 


G.COMvAND.NE. 1 28 


Group compare and not equal zero hextei 


GCOM.E.8 


Group compare eoual bytes 


G COME 16 


Group compare equal doublet' " 1 


GCOM.E.32 


Group compare equal quadiets 


GCOM.E64 


Group compare c^ual ocOets 


G.COME.I28 


Group compare equal hexiet 


G.COM.GE.8 


Group compare greater equal waned bytes 


G.COMGE 16 


Grouo compare grer.er equ^ s^>ed Doublets 


G.COM.GE.32 


Group compare greater equal signed quartets 


G.COM GE 64 


Group compare greater equal signed octiets 


GCOM.GEI28 


Group rompare greater equal signed hexiet 


GCOMGEU.8 


Group compare greater qjjzi unsigned byte^ 


G.COM.GE.U.I6 


Group compare greater equal unsigned doublets 


G.COM.GE.U.32 


Group comprtre greater cqua* unsigned Quadiets 


G.COM.GE.U64 


Group compare greater equal unsigned octiets 1 


G.COM.GE.U.I28 


Group compare greater equal unsigned hexiet 


GCOM.L.8 


Group compare ifg/ied less bytes H 


G.COM.LI6 


Group compare signed less doublets 


GCOM.L32 


Group compare signed less quadiets 


G COM.L64 


Group compare signed less octfets 


G.COM.LI28 


Group compare signed less hexiet 


G.COM.LU.8 


oroup compare less unsigned bytes 


G.COM.L.UI6 


Group compare less unsigned doublets 


G.COM.LU.32 


Group compare less unsigned quadiets 


G.COM.LU.64 


Group compare less unsigned octlets 


G.COM.LU.1 28 


Group compare le*s unsigned hexiet 


GCOMNE8 


Group compare not equal bytes 


G.COM.NE.I6 


Group compare not eoual doublets 


G.COM.NE.32 


Group compare not equal quadiets 


G.COM.NE.64 


Group compare not equal octlets 
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/ 
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EqufYfltenog 



GCOM.E2J8 


Group compare equal ze*o signed bytes 


GCOME2I6 


Group compare equal zero signed doublets 


GCOM.E2.32 


Group compare equal zero signed quadlets 


GCOM.12.64 


Group compare equal zero signed ocdets 


GCOM.E2 128 


Group compare e^jai zero ygoed hexlet 


G.COM.G.8 


Group compare signed greater bytes 


GCOM.G 16 


Group compare signed greater doublets 


GCOM.G.32 


Grejp compare ygned greater Quadlets 


G.COM.G.64 


Group compare signed greater ( .tiets 


G COM.G 1 28 


Group compare Signed greater hexlet 


GCOMG.U.8 


Group compare greater unsigned bytes 


GCOM.G.U. 16 


Grcup compare greater unsigrvrd doublets 


G.COM.G.U 32 


Group compare greater unsigned guadfets 


G.COM.G.U64 


Group compare greater unsxjrxrd octlets 


G.COM.G.U. 128 


Group compare greater unsigned hextet 


G.COM.G2.8 


Group compare greater zero signed byres 


GCOM.G2.16 


Group compare greater zero signed doublets 


GCOMG2.32 


Group compare gt eater zero signed quadlets 


GCOM.G264 


Group compare greater zero stoned octiets 


GCOMG2. 128 


Group compa»e grcatc zero signed hex Jet 


G.COM.GE2.8 


Group compare or eater equal zero sioned bvtes 


GCOM.GE2. 16 


Group compare greater equal zero signed doublets 1 


GCOMGE2.32 


CVmjn rompare greater equal zero sioned omdlets 


G.COM.GE2.64 


Group compare greater equal zero sig. ed octlets 


G.COM.GE2. 128 


Group compare greater equal zero signed hexlet | 


G.COM.L.Z.8 


Group compare less zero signed bytes 


GCOM.L2.i6 


Group compare Jeis zero signed doublets 


GCOM.12.32 


Group compare less zero signed quartets ^ 


GCOM.L2.64 


Group compare less zero signed octlets 


GCOM.L2. 128 


Group compare less zero ^rgned hexlet ( 


GCOM.LE.8 


Group compare less equaf signed bytes 


GCOM.U 16 


Group compare less equal signed doublets 


GCOM.LE32 


6roup romp^re less equ^ signed quadlets 


GCOM.LE.64 


G-cup compare less equaf signed ocflets 


G.COM.LE. 128 


Group compare less equa<* signed hexfet 


G.COM.LE. U.8 


Group compare less equal unsigned bytes 


GCOM.LEU16 


Group compare less equal unsigned doublets 


G.COM.LEU.32 


Group compare less equal unsrgned quadlets 


GCOMLEU64 


Group compare less equal unsigned octlets 


GCOM.LE.UI28 


Group compare less equaf unsigned hexlet 


GCOM.LE2.8 


Group compare lets equal jero signed bytes 


GCOM.LE2I6 


Group compare less equal zero signed doublets * 


GCCM.LE2.32 


Group compare less equal zero signed quadlets 


GCOM.LE264 


Group compare less equal zeto signed octlets 1 
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GCOMLE2. 128 


Group compare less equal zero signed hexJet 


GCOMNE2.8 


Group compare not equal zero signed bytrs 


GCOMNE2.16 


Group compare noc equal zero signed doublets 


aCOM.NE2.32 


Group compare not equal zero ugntd quadtets 4 


G.COM.NE2.64 


Croup compare not equal zero signed octiets 


aCOMNE2. 128 


Group compare not tqual zero signed hexiet 


am 


Grottp fixed point arithmetic exception 


aNOP 


Grotp no operation 




acOME2.sue rc 


<- G.COMAND.Esize rcrc 1 


aCOMCsue rd.rc 


-> G.COMl^ize rcrd 


aCOMG Usuc rd.rc 


G COM.LU.size rcrd 


G COM G2 size rc 


c= G.COMLU^izc rc.rc 


aCOMGE2sbe rc 


<= G.COM GE size rcrc 


aCOML2suc rc 


c= G.COM.Lsir; rcrc 


aCOMLEsuc rd.rc 


-> G.COM.GE ^ize rcrd 


GCOMLEUsue rd.rc 


-> GCOM.GEU.size rcrd j 


GCOM.LE2.sxze rc 


<= G COM.GE U-Size rcrc 


a COMNE2size rc 


4- G.COMAND.NEsize rcrc 


GFLX 


4- G.COM.E.I28 rO.rO 


aNOP 


<- G.COM.NE.I28 rO.rO J 


Redundancies 


GCOMEstze rd.rd 


» g.«* i 


G-COM.NE.sare rdi6 





da$j 


operation 


cond 


type 


size 


boolean 


COMAND 
COM 


£ NE 




8 16 32 64 128 




arithmetic 


COM 


I GE G LE 


NONE U 


8 16 32 64 128 




CO/lf 


L GE G LE E NE 


2 


8 16 32 64 128 



Format 

G.COM.op.size rd,rc 
G.COM.opz.size red 

/ 

gcomop$izefrd,rcJ 

31 24 23 18 17 I? II 6 S 0 

I jjjjjxe 1 rd 1 rc I op | GCOM j 

8 6 6 6 6 
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CrtM*o Compare 

Description 

Two values arc taken fn*m the contents of revjisrcrs rd and rc. The specified co.tdiuu?i is 
calculated on partition? of the ope 'nds If the specified corsJioon is :ruc for any j>a*rjt>.,;. :» 
hxed-pi>int arithmetic exception r ^tr* -rated. This instruct* >n generates no general purpose 
repkt^r results.. 

Defintfon 

def GfOupCornpjvefop.y/p.rd.rct 
J tfegfteddjrd 128) 

case op or 
GCOMf 

for i 4- 0 to Ua-st/e by sue 

Vwf I i IWl j * c >*we- 1 J*** 
endfor 
GCOMNE 

for i 0 to 1 28- we by sue 

Wl .i f<Vwe-l J r tftM-l j"** 

endfor 
G COM-ANOfc 

for i 0 to 1 28- we by we 

endfor 
GCOM/AONE 

for i «- 0 tc I2fi-we by we 

^siw-i i +~ fKt*we-l . and oV^i J # Of*** 



G.COM.L 

f or i «- 0 to 1 28- we by si/e 

i — (frd = rc| ? fc^^i , < 0| |d KV?e .| , < c^ ae .j J)«« 

motor 

GCOMGf 

for i 4- 0 to 128-si/e by we 

erxlfor 
G COM L U 

ror i 0 to 1 28* we by we 

Vsi/e^l i — 11*4 « rc| ? |C Ky?e ., , > Of : 

110 I I J < (0 II We-i JJl 5 "* 

endfor 
G COMG6 U 

for i 0 to 1 28- we hy sue 

^KStfe-l , «- ffrd « rc| ? fc^ s ^| t S 0| : 
110 II 

df*si*e-l 

enc'x 

endcase 

if (a # Of then 

raise fwedBomtAnth m e ti c 

end* 
enddef 
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Cfot^Cwnput 

Exception* 
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!n*troco*m S^t 

< . '*.*p Camp*:* ^rtH*** P«»"t 



Group Compare Floating-p oint 

I"hc*e oprranuns perf*™ calculations »>n rarnri'ir:« *?f kr* ;n rwo genera] •vaster - aJu; .* 
and prncraic a floating pomi artnnr>ct:c c*ccpnon it the onumop *pc:jhrd i. mcf. 

Ope ration tadg 



G.COM.E. F.I6 . Group compare ft.u*jng pcif»f rvrff 

GCOM.EF. 1 6 JC ^ Group remove 7<|u*» ft35r?.g -paini^sif ?**ct 

G CO M.E.f .32 ^(>oup cornp.vr 'rqu47&Ys^~po^ un^* 



G.COM.E.F.32.X Group tor'.pare ei*!3i ftw^ ►x. nT wnQie ?*.vt 

G COM E F.64 ~ r^>^ap compare eqt**''*o#L~'i) p^rv >xjo> 



G COM E F 64_J* , C^OMP^cc-npdrr en>ai foaoTg potrir dolose e«au 

G C OM E F 128 Gro-jp c*^Npar^ ~#"<ju.* 

G COM E f . 1 2BX ■ r ^° t *> rom^ Ye^Jui f*o*^~pcznt oiiTax: 

G.COM.GE.F. 16 _ "Group compar* yeat*r~o/ eoiiiTlSw^p^^T^ 

G COMr<j£ jF .J6JC * Gr6up~c ompar f are anpr ~oT equV fe^po^ exiT 

o CQM.GS.F 32 r ^oy e yearr * ^> ~^^ltaat^p<^~^ 



C jTOM.GET.3 2jC ' G#dup compa/e gr»a* c / o» egS ribaoog^pewv wng* exact 

G.COMGEF64 ^GVoup c ompare c>e^e717 eouaf Soain^o^^buSe 
G CQM .GE.F 64 JC Grey comVja7r~y eater or /<^taf float* ^po** aoufcie exio 

MG COMJGE.F 1 28 ^G-'Oup o^^o/eater T^Tg^fkwono, pew* quad 
G CO M GE .F. 1 28.X G>r»i]p7c»nuwe greatrr or ~<*csu al^abog pumf ^uacJ eiwtT 

G.COM LF,l6 ! o^uo~rc^^f~r^"/ 

G COM L P ]^J<_ "* Group romoiTf ^f<^a«r^^lS"w"t 

G COMLF.32 Lllj^P ' bTnSare "^sl&t>r>9 poirtt unc*e 



G.C QM.Lf 3 2.X Group cemjrar e »ra floating pom* clact 

{ G COM.LF.64_ <Vfk.;> compare irsi floating txxnt tmx&i . 

[ G COM.L f 64.X " Group" c aV>oar7 I-s fVjaong "point dcx**? i»xa7r 

(G.CQM.L.F. 128 Gr.jup ron h \*r km Co^ong -pom! quv5 

G.COf ^L.F. ^28 J< _ * CVooo co^npar " " ic :s ><jaorK?~ pi^x'qJ^tuv 
G COM1G.F I 6 * Grime compare Je>j a* create^ nSmg-pcr,- fta* 

G COM.LG F I6X G>*jup compare iei« cw~g/e7*rf "flcii/xj po^TvaS e iact 

GCOM IG F 32 G^xjp ^ompjrr irst or 7^ ^ »ft^ ><wTi^g . point vrigfc» 

G COM.LC F 3?3( vex*? cor^naVe *r^V ^ grr*irr fiooono co^J singie wart *" 

C COM LG F 64 Gruup tomparT" >c,x~^i ^reaw fk M «dng print JiouS? 

G COt^ .LG.F.64 X C-u.^p rortxwr h-;i r> r^^rT T vSi i^""o r ou^ exact 



G C OM.LG F ! 28 ~*oup (or.^vr »r^i~-i g/eatef "uaong poVtf gjad 



LG COM.LG F. I 28X Group compare ^s" 0/ yeatef rV^ip prmt cf «d *-xact 



/ 
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Group Compare Moating potnf 



Equivalencies 



GCOM.G.F.16 


! Group compare greater floating-point half 




GCOM.GF.i6Jk 


: Group compare greater float»ng-pomt half exact 




GCOM.G c .32 


j Group compare greater floating point single 




G COM. G F.32JC 


: Group compare greater ftoabr.i pomt singfe exact 




GCdM.GF.64~ 


; Group compare greater floating-point double 




G.COMG.F.64X 


j Group compare greater floating-point double exact 




GCOM.G.F.128 


i Group compare greater floating- pome quad 




GCOM.GF!23J( 


i Group compare greater floating -point quad exact 




G.COM.LE.F.1 6 


: Group compare less equal floating-point half 




G.COMLE.F.I6J( 


' Group compare less equal floating-point half exact 




GCOM.LE.F32 


j Group compare less equai floating-point singfe 




G.COM.LE.F.32J( 


i Group compare less equal floating-point single exact 




GCOM.LE.F.64 


i Group compare less equaf floating-point double 




GCOM.LE.F.64J( 


| Group compare less equal floating-point double exact 




G.COM.LE.F.128 


j Group compare less equal floating-point quad 




GCOM.LE.F.1 2b Ji 


\ Group compare less equal floating-point quad exact 





GCOM,GF.prec rd.rc 


-> 


G.COM.LF.prec rc.rd ! 


GCOMCF.precX rd.rc 


— > 


G.COM.LF.prec.X rcjd 


GCOM.LEF.prec rd.rc 




G.COM.GE.F.prec rc/d 


GCOMLE.F.precJC rd.rc 


— > 


G.COM.GE.F.prec-X rc.rd 



class 


op cond | type 


prec ! round/trap 


ser 


COM E LG L GE G LE F 


16 32 64 128 [none X 



Format 

G.COM.op.precround rd.rc 
rc=gcomopprecroundfrd,rc) 



3? ?4 ?3 18 17 12 M 65 0 



G.prec 




rd 




rc 




op 


| GCOM | 


8 




6 




6 




6 


6 



PCKHPtiP" 

*I"hc contents of registers rd and rc arc compared using the specified floatingpoint 
condition It the result of the ^ompanvm is true for any corresponding pair of elements, a 
floating point exception is raised. If a rounding option is specified, the operation raises a 
floating point exception if a floating point invalid operation occurs. If a rounding option is 
not specified, floatingpoint exceptions arc not raised, and are handled according to the 
di-tau!: ruiev of If J\l . "S4 
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Uroup Compare I loafing point 



Definition 

def GroupCompare^loatir^Po^op.prec.round.fd/c| as 
d *~ RegReadfrd. 128} 
c RegRead|rc. 1 28) 
for i <— 0 to 128-prec by prec 
di 4- Flprec.tUprec.i j 

ci +- Flprec.c^prec-l J 
tf round*NONk then 

if (dii = SNAN) or (at * SNANJ then 
raise Fto^ngPointAnthmetic 

end* 

case op of 

G.COM.LF. G.COMGE.F: 

if |di.t = ONAN| or fci.t = QNAN) then 
raise FtoatingFotntVithmetic 

endif 

others: //nothing 
endcase 

endif 

case op of 

GCOM.LF: 

a» «- di^ci 
GCOMGEF 

at «- dH?<ci 
GCOME.F 

ai dt=ci 
GCOMlG.F: 

at «- d«ci 

eodcase 
endfor 

if (a * 0) then 

raise Floatiry)PontAr»mmetK: 

eoddcf 
Exceptions 



1>6 



Micml'nity 



Zeus System Architecture Tuc, Aug 17, 1999 

Group Copy Immediate 



Instruction Set 

Group Copy Immediate 



lliis operation copies an immediate value to a general register. 



Qpyafon <;pd^ 



G.COPY.1. 16 


j Group copy immediate doublet 


G.COPY.1.32 


1 Group siQned copy immediate quadlet 


GCOPY.1.64 


Group skined copy immediate octfet 


G.COPY.1. 128 


Group siqned copy immediate hextet 




G.COPY.1.8 


Group copy immediate byte I 


G.5ET 


Group set ~j 


GZEffO 


Group zero i 



G.COPY.1.8 rd=(i$ 1 1 />..<y 


<— 


G.COPY.1. 16 rd=(0 II 17..0 II i7..o) 


G.SET rd 


«— 


G.COPY.1. 128 rd=-l 


G2EKO rd 


*- 


G.COPY.1. 128 rd=0 


Redundances 


GCOPYIsire rd=-l 




G.SET rd | 


GCOPyj^ize rd=0 


<=> 


G.ZERO rd \ 



Format 



GCOPYIsize rd=i 
rd=gcopyisizef»J 

31 2S242S 18 17 1615 0 

I G.COPY.1 |s| rd |s»»ej Imm 1 

. . 2 16 ' 

•mm «- i| 5 0 
Desfnnt.nn 

A 128-ht immediate vak-r is pr»>duccd from the operation code, the size field and the 16-bit 
imm field. "ITie result is placed into register ra. 

Jr4 GfoupCopylmmeduitcfop.g/e.rd.imm) as 

5 - OPo 
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Group Copy )c 

case sue of 

16: 

If i then 

Reservedlnstruction 

end* 

a •mm 1 1 mm • I imm 1 1 mm 1 1 imm 1 1 imm 1 1 imm 1 1 mm 
a «- $'* II imm 1 1 s* 6 1 1 imm 1 1 S 1 * 1 1 imm 1 1 s>* 1 1 mm 

64: 

a > 4a II imm 1 1 1 1 

128: 

a-s"2 ll 

enefcase 

RegWhtefiU 128. af 
enddef 

Reserved Instruction 
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Group Immediate 

These operations take operands from a rcpstcr and an immediate value, perform operations 
on partitions of bits in the operands, and place the concatenated results in a second regis* -r. 



QbcbBoq cades 



GVNDD.U6 


Group add Immediate doublet 


GADD.U 6.0 


Group add immediate signed doublet check overflow 


OSDO.1.32 


Group add immediate quadlet 


G-ADDJ.32.0 


Group add immediate signed quadlet check overflow 


CLADO.1.64 


Group add immediate octiet 


G<ADD.f.64.0 


Group add immediate signed octiet check overflow 


G>NDO.M28 


Goup add immediate hexlet 


Gy\D01128.O 


Group add immediate signed hexlet check overflow 


G^OO.I.U.I6.0 


Group add immediate unsigned doublet check overflow 


OAD0.I.UJ2.0 


Grotp add immediate unsigned quadlet check overflow 


G.ADD.I.U.64.0 


Group add immediate unsigned octiet check overflow 


G<ADD.I.U.I28.0 


Group add immediate unsigned hexlet check overflow 


GANDltS 


Group and immediate doublet 


G-AND.1.32 


Group and immediate quadlet 


GAND.L64 


Group and immediate octiet 


GAND1 1 28 


Group *nd immediate hexlet 


G.MAND.M6 


Group riot and immediate doublet 


G.NAND.1.32 


Group not and immediate quadlet 


G.NANDJ.64 


Group not and immediate octiet 


G.NANO.1.128 


Group not and immediate hexlet 


G.NORJ.16 


Group not or immediate doublet 


G.NIORU2 


Group not or immediate quadlet 


G.NOR.1.64 


Group not or immediate octiet 


G.IMORJ.128 


Group not or immediate hexlet 


G.ORJ.16 


Group or immediate doublet 


G.ORJJ2 


Group or immediate quiadlet 


G.OR.1.64 


Group or immediate octiet 


G.OR.1.128 


Group or immediate hexlet 


GJCORJ.16 


Group exclusive-or immediate doublet 


G.XORU2 


Group exclusive-or immediate quadlet 


GJCOR.1.64 


Group exclusive-or immediate octiet 


G.XOR.1.128 


Group exclusive-or immediate hexlet 



/ 
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Group Immediate 



Eauteateorifis 



GANDNA.16 


Group and not immediate doublet 


GANDNA32 


Group and not immediate quadlet 


GANDNAM 


Group and not immediate octiet 


GANDN1128 


Group and not immediate hexlet 


GCOPY 


Group copy 


GNOT 


Group not 


G.ORN.1.16 


Group or not immediate doublet 


G.ORN.1.32 


Group or not immediate quadlet 


G.ORN.1.64 


Group or not immediate octiet 


G.ORN.1.128 


Group or not immediate hexlet 


GJCNOR.1.16 


Group exdusive-nor immediate doublet i 


G-XNOR.1.32 


Grot Jp exdusive-nor immediate quadlet 


GJCNOR.1.64 


Group excluvve-rKX immediate octiet 


G JCNOR.I. 1 28 


Group exdusfc/e-nor immediate hexlet 1 



GANDNJsize rd=rc n 


-* 


G-AND.I.size rd=rc,-imm 




GCOPY rd=rc 




G.ORJ.128 rd=rcO 




GNOT rd=rc 




G.IMOR.1.128 rd=rcO 




GORN.Isize rd=rxJmm 


— > 


G.OR.I.size rd=rc.-imm 




GJCNOR.Isize rd=rc.imm 


-> 


GXORAsize rd=rc,-imm 




RedundarKie 


G-ADD.l3i2e rd=rcO 


<=> 


GCOPY rd=rc 




GADD.I.size.O rd=rc.O 


C=> 


G COPY rd=rc 




GADD.lU.U2e.O rd=rc.O 


CO 


GCOPY rd=rc 




GAND.l.size rd=rc.O 


c=> 


GjZERO rd 




G-AND.I.sue rd=rc.-1 


<=> 


G COPY rd=rc 




G.NAND.hsize rd=rc.O 


<=> 


GSET rd 




G.NAND.Ksize rd=rc-l 


CO 


GNOT rd=rc 




G.ORAsize rd=rc.-l 


eo 


GSET rd 




G.NOR.Uize rd=rc,-l 


CO 


G2ERO rd 




G-XOR.I.size rd=rc.O 


co 


GCOPY rd=rc 




G*OR.I.size rd=rc- 1 


CO 


G NOT rd=rc 
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Format 



ofxsize rd=rc.imm 



rdsopsarefrctnrvn) 

31 



24 23 



18 17 




0 



C£ 



I rd | 



rc 



Imm 



8 



6 



6 



10 



sz <- tog(sizeJ-4 
QSSSDB&JD 

The contents of register rc is fetched, and a 128-bit immediate value is produced from the 
operation code, the size field and the 10-bit imm field. The specified operation is performed 
on these operands. The result is placed into register ra. 

def Gfoup4mmediaee?op. uie.rd rc. immj as 
c 4- RegReadfrc 128) 
S «- emm? 
case sue of 

16: 

• 16 « — s 7 I I imm 

b *- i)6 I I »16 II i?6 I I i16 I I il6 I I 116 I I il6 I I i!6 

32: 

b 4- s 22 II imm II s 22 II imm II s 22 II imm It s 22 II imm 

64: 

b 4- s* 4 II imm II s 54 II imm 

128: 

b 4- s ,,a I I mm 

endcase 
case op of 

a 4- c and b 
G.ORJ: 

a 4- c or b 
G NWOJ: 

a «- c nand b 
G.NOR.I: 

a #- c nor b 
GJCOR.I: 

a 4- c «x b 
O/OOA. 

for i 4— 0 to 128-size by size 

e.utor 
G^DO.I.O: 

f or i 4- 0 to 128-size by size 

t «- fo*tte- 1 • 1 ♦ (b^^i 1 1 b^ w .| j 
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Ctomp U 

* tat * 

ratse rweorawK^fivvneoc 



*Hi».|J tare- 1 .0 



for i 0 to 128 we by size 

« *- (0» 1 1 CHto>l J • M *W»-I.J 
* to* * 0 

cnum 

-1J «- tittM i) 



endcase 

RpgVWrtrfrd. 128, a| 
encfdef 

Fixed pnmt inthmeoc 



/ 
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Group Immediate Reversed 



These operations take operands from a register and an immediate value, perform operations 
on partitions of bits in the operands, and place the concatenated results in a second register. 

Operation codes 



GSETANDJEU6 


| Group set and equal lero immediate doublets 1 


GSETAND.EJ.32 


Group set and equal *ero mmediate quadtots ~ ~J 


CSET AND£ J.64 


1 Group set and equaf zero immediate octtets | 


OSETAND.E.1.128 


1 Group set and equa' «ro immediate hedet ] 


GSETAND.NE.U6 


1 Group set and not equal iero immediate doublets 


OSETAND.NEA32 


1 Group set and not equal zero immediate quadtots | 


GSETAND.NE.L64 


] Group set and not equal fero immediate octtets 


G.SETAND.NE.U28 


Group set and not equal lero immediate hedet | 


GSBT£.U6 


J Group set equal immediate doublets j 


G.SET.EJ32 


I Group set equal immediate quadtots { 


aS£T£.l.64 


j Group set equal anmed^te ocdets | 



GSET.GE.U6 



G3ET.GE.I32 
G3FT.GEi.64 



I Group set greater equal immediate signed doublets 



[ Group set greater equal immediate signe d quadtots 
| Group set greater equal immediate signed octfeS 



G3ET.GEi.l28 
GlSET.GE.I.U.16 



[ Group set greater equal immediate signed hedet 



I Group set greater equal immediate unsigned doublets 



GJET.GE.I.U.32 



&SET.GE.I.U.64 
OSET.GE.I.U.I28 



Group set greater equal immediate unsigned quadtott" 



j Group set greater equal immediate unsigned ocde ts 
Group set greater equal immediate unsigned hedet 



G.SETJJ.I6 


j Group set signed toss vnmediate doublets 


CSETiJ.32 


1 Group set signed toss immediate quadtots 


OSETJJ64 


| Group set signed less immediate octtets 


G3ETJJ.1 28 


j Group set signed toss immediate hextot j 


G3ETJJ.U.16 


| Group set toss immedute signed doublets '"j 


G.SETJJ.U.32 


[ Group set less immediate signed quadtots \ 


G.SETJ_'U64 


\ Group set toss immediate signed octtets j 


G5ETi_I.U.I28 


[ Group set toss immedwte signed hedet ] 


CSETJME.I.I6 


Group set not equal immediate doublets j 


G.SET.NE.1.32 


Group set not equaf immediate quadtots j 


G.SET.NE.1.64 


Group set not equal immediate octtets J 


G3ET.NE.I.128 


Group set not equal immediate hedet | 


G.SUB.1. 16 


Group subtract immediate doublet ] 


G.SUB.1. 16.0 


Group subtract anmediate signed doublet check overflow | 


G.SUBJ.32 


Group subtract immediate quadtot | 


G-SUBJ.32.0 f 


Group subtract immediate signed quadtot check overflow ( 


G.SUB.1.64 


Group subtract mmediate octtot "j 


G.SUB.1.64.0 
G.SUB.1. 1 28 


Group subtract immediate signed octtot check overflow j 
Group subtract immediate hedet 1 
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Group subtract immeduce signed rwdet cnecft overflow 


GSUB.I.U 16 O 


QfOMp suteaa immettate unsigned doublet cheat overflow 


G.SUB.I.U.32.0 


Group attract immedwtp unsigned quadtet check oversow 


G.SUB.I.U.64.0 


Group subtract immediate unsigned octet check overflow 


G.SUB.I.U.I28.0 


Group iutxract mnmed*** unsigned hexfe: check overflow 


Eaaateocte 








ipc^ow jk^^vi w »J»n vnCv» OVvr lKrrS 




Gi'OUO fvym» auadlef 


GNEG320 


(Voup neoate paned ouadtet check overflows 


G.NEG.64 


Group negate octet 


G.NEG64.0 


Group negate signed octet check overflow 


GNEG 128 


Group negate hexJet 


GNEG I28.0 


Group negate signed hexJet check overflow 


GSeT.LEI.16 


Group set less equal immediate signed doublets 


G.SET.LEU2 


Group set less equal immediate signed quadtets 


GSET.LEI.6i 


Group set Jess equal immediate signed octets 


G.SET.LE.1. 128 


Group set less equai immediate signed hexk* 


GSET.LE1.U. 16 


Group set less equal immediate unsigned doublets 


G.SET1EI.U.32 


Group set less equal immediate unsigned quadtets ] 


G.1ET.LE.I.U.64 


Group set less equal immediate unsigned octets 


GSETLELU. 128 


Group set less equal immediate unsigned hexJet 


G.SE1.G.I. 16 


Group set immediate signed greater doublets 


G.SETGJ.32 


Group set immediate signed greater quadtas 


GSET.GJ.64 


Group set immediate signed greater octiets 


G SET Gil 28 1 


Group set immediate signed greater hexJet f 


G.SET.G.I.U. 16 


Group set greater immediate unsigned doublets 


G.SET.G1.U32 


Group set greater *nmediate unsigned quadlets 


G.SET.G.1.U64 


Group set greater immediate unsigned octets 


GSET.G.I.U128 


Group set greater immediate unsigned hexJet 



G.NEGsize ro=rc 




ASUB. t.size rd=0,rc 




GNEGsue.O rd=rc 


— > 


ASUB.I.size.O rd=0.rc 




GSFr.GJ.size rcfcknmjc 


— > 


G.SET.GE.I.size rd=imrml.rc 




GSET.GJ.Usue rd=/mn%rc 


— > 


CSET.GEJ.U.size rd=kr\rm] ,rc 




GSET.LEJsize rd=immrc 




G5ET.LI.size rd=imm- 1 ,rc 




GSET.LEJ.Usize rd=imm.rc 


— > 


G.SET.Ll.Usize rd=imm-)jc 





/ 
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GSETANOEI-sfae roWc.0 


«» 


GJETjfce rd 


GSETANDJNEJshe rd-rcO 


<=> 


G2ERO rd 


OSFT/JSlO-Elflze rtWc-l 


<=> 


GSET.E Z size rehire 


GSETAND.NEJ.sae rd-rc.1 




CSET.NEXsize rtUrc 


GSET.EJ.sfce roWc.0 


o 


OSET£Zjke ntmfc 


GSET.GE.Uize rd»rc.O 




GSET.GEZsbe rd=rc * 


GSETJJ.sfce rd»rcO 


<=> 


GSETUstx rckfc 


GSET\NE.lsfee rrf.rc.0 


<=> 


GJE7.\EZsfce rd=rc 


GiSET.GEi.UJte roWc.0 


<=> 


GSET.GEUl.slze rd=rc 


GSETJJ.lf.sfce roVrcO 




GSETLUljaze rd=rc 



SfilattQQ 



class 


operation 


cond 


form 


operand 


size 


1 check 


anoimeoc 


SUB 




I 




16 32 64 128 












NONE U 


16 32 64 128 


o 


boolean 


SET AND 
SET 


E 

NE 


1 




16 32 64 128 






SET 


L G£ 
G LE 


1 


NONE U 


16 32 64 128 





Format 

opsue rd=imnvc 
rd=op$ize(imm/cJ 

31 2423 18 17 1211 109 0 

I op I rd I rc 1 si 1 jmm 1 

8 6 6 2 10 

a togfsizej-4 

Osssmsn 

The contents of register rc is fetched, and a 128-bit immediate value is produced from the 
operation code, the size field and the 10-bit imm field. The specified operation is performed 
on these operands. The result is placed into register rd. 

D efinition , 

def GfDup *m me<liategeversed(op.Stfe/a.in^ as 
c «- ftegfteadfrc 128) 
s «- mm? 
case size of 
16: 
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Group I— 1 4mm fawd 

if A *-s 7 II imm 

b «- ilfc II i.6 II tl6 II • 16 II 116 1 1 il6 1 1 il6 1 1 .16 

32: 

b «- t 22 1 1 imm 1 1 s 22 1 1 imm 1 1 s 22 1 1 imm 1 1 s 22 1 1 mm 

64: 

b «- i* 4 II imm II t 54 II imm 

128: 

b «- $»'• » I imm 

endcase 
case op of 
G5UBJ. 

for i +- « to 128-sue by we 

**SIR-IJ «- b^^^u • Ch^^i j 
endfof 
GSUBJ.O 

for i «- 0 to 128-soe by size 

* toe * tsi/e-l tf^n 

raise Fbcedfl o w <h m eoc 

eneW 

**«e-U «- *«e-l 0 
endfof 
GiUBJ.U.Q 

for i «- 0 to !28*«e by size 

a f^ue * 0 then 

raise FoteO F ow A rithmeti c 

endrf 

^♦$tfe-IJ «- W-l 0 
endfor 
G.SETXI: 

tor i 4- 0 to 128-we by sue 

endfor 

GSFTNEJ: 

for i 0 to 128-sue by »*e 

^we-l ... «- PV«e-f j * ^•niie-l.J** 
endfor 
GSETANO.EJ: 

for i «- 0 to 1 28- we by size 

«*s*e-l i «- IIWe-1 i *** Ci^ze-I J « 
endfor 
GSFMNO.NE.I: 

for i ♦— 0 to i28-We by sue 

*~ (rt*Ksac-i.j and c^^iJ » 0»*« 
endfor / 
CSET.LI: 

for i 4- 0 to 128-uze by we 

endfor 

G.SCTGE.I: 

for i ♦— 0 to 128 we by We 
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Croup Immedntt kevmed 

©ndfor 
OSETX.I.U: 

for i «- 0 to 1 28- we by tin 

th^u «- flO 1 1 bnae-i J < (0 II Cmim.1 J)^ 

endtot 

&SET.GEJ.U: 

for i 4- 0 to 128-Jtoe by site 

a***., j «- (f0 1 1 IVsr-i J 2 (0 1 1 Cf^i J)*» 
endfor 

endcase 

RcqWr*e(r<J. 128. a| 
enddcf 

Exceobons 

faxed- pom t anthmdic 



/ 
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These o p etab ona tike o p e r an ds from three registers, perform operations on ptrtiooos of 
bits in the operands, and pbee the c o n ca tenated results in the chird register. 



QpcaOflQ cooes 



GAAAB 


Group add add add bytes 


GAM. 16 


Group add add add doublets 


GAMJ2 


Grouo add add add quadlets 


GAAA.64 


Group add *dd add octfets 


GAM. 128 


Group add add add hexfet 


GASA.8 


Group add subtract add bytes 


GASA.I6 


Group add subtract add doublets 


GASA.32 


Group add subtract add quadlets 


GASA.64 


Group add subtract add octets 


GASA.128 


Group add subtract add hexfet 1 


EauiyateogB 


GAV18 


Group add add subtract bytes 


GAAi/6 


Group add add subtract doublets 


GAASL32 


Group add add subtract quadlets 




Group add add subtract octfets 


CAAS.128 


Group add add subtract hexlet 




\GAAZsae rd9rcjb 


_+ GASA^ize rddrtvc | 




GAVcazc rd9rcrc 


c=> CSHLIADOsize rd=rd.rc. 1 


GASA^ize rddrcrc 


« G.NOP 


Format 




G.opjizerddrcrto 




rdagopsgefrdrcrtoj 




31 24 23 


18 17 12 II 6 5 0 


1 Cslxe I 


rd 1 rc 1 rb | op | 


8 


6 6 6 6 


Beaateflflo 





The contents of registers rd, rc and rb ire fetched. The specified operation is performed on 
these operands. The result is placed into register rd. 
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Croup loffec* 



Register td is both a tourer and destination of this instruction. 
Definition 

def Onsupk)piicrtoQM^rxlj^ as 

c +- tegftead|rc 1281 
b AegRMdlrtk 128| 
tor i 4- 0 10 128-sne by size 
cjtse op of 

(LAM: 

GASA: 




*egWW*|rd. 128. 4 
coddcf 

Eaccptioos 
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Qrpup Reversed 

These operations take two valine from registers, perform opera bons on partibons of bits in 
the oper.rtds, and pbee the cones tens u.d results in a rcjp»«r. 



Operation codes 



rrr Atir\ C O 


Groun s*t and eouaf zero bytes 


✓* err Akin c i X 


Gmuo r et and eouaf zero doublets 


/— CCT AfcJfl C 37 


Grouo set and eouaf zero ouadlets 




nroLB trt and eouaf zero octfets 


fCT AlklT^ C 1 ID 


^Vouo trt and eouaf zero hexlet 


/~ CCT AfkJO MC A 


Grouo set ^xJ not eouaf zero bytes 


n CCT AMR KJC 1 A 


Group set and not equal zero doublets 


/- CCT AK/PI MC 3 7 


Group set and not equal zero quadtets | 




Group set and not eouaf zero octfets 


CCT Aki'l KJC 1 ?A 


Group set and not equal zero hexlet 


/— CCT C O 

vj.^ci.c.o 


GrotA> set eouaf bytes 


n cn ciA 

(j.x i.e. io 


GrotK> set eouaf doublets 


n CCT C 37 


GrotAO set eouaf oaadJets 


/" CCT C H 


GrotA7 set eouaf octJets 


/— CCT C 1 7Q 


(Vouc set eouaf hexlet 1 


/— ciTT /*** c o 

G.bcT.(jt.o ^ 


C+rAic> \m am&er eouaf sioned bytes 


CCT 1 A 

VJ.3CI.OC. I O 


OoLtf) set oreater eouaf stoned doublets ! 


t~ rrr /~*c 37 


/Vouc set oreater eouaf sioned ouadlets I 


r~ CCT rf^IC AA 


GrotA set oreater eouaf sioned octJets 


/-* CCT /*1C 1 7Q 

u.xl.uc. 1 Jo 


Gtolm) s*?t oreater eouaf sioned hexlet 


CCT /~C 1 I Q 

Vj.jcI.vjc.U.o 


Grouo set oreater eouaf unvoned bytes 


/*- CCT rIC 1 MA 


(VotiD set oreater eouaf un sioned doublets 


rr CCT /"IC 1 ! 37 

u.jc I. ot.U. jZ _ 


Grottf) set oreater eouaf imsKsned Quaotec 


n CCT i^lC 1 I Ad 


Group set greater equal uns»gne<l octfets 


CCT nc 1 1 1 70 

(j.jc i.vjc.U. I/o 


Gram set oreater eouaf urxuoned hexiet 


/r CCT 1 Q 


Grouo set sioned less bytes 


n CCT 1 1 A 

VJ.3C I.L. i O 


Grouo set sioned less doublets 


G.SET.L32 


Group set signed less quadlets 


G.SET.L64 


Group set signed less octlets 


G.SET.L128 


Group set signed less hexlet 


G.SET.LU.8 


Group set less unsigned bytes 


G.SFT.LU.16 


Group set less unsigned doublets 


G.SET.LU.32 


Group set less unsigned quadlets 


G.SET.LU.64 


Group set less unsigned octkes / % 


G.SET.LU.I28 


Group set less unsigned hexlet 


G.SET.NE.8 


Group set not equal bytes 


G.SET.NE.I6 


Group set not equal doublets 


G.SET.NE32 


Group set not equal quadlets 


G.SET.iME.6' 


Group set not equal octlets 
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GSFT.NE.t28 


Group set not equal hetiet 


osuae 


Group subtract bytes 


osua&o 


Group subtract sgned byte? check overflow 


Gsuai6 


Grt*«p subtract doublets 


osuai6.o 


Group subract signed doublets check overflow 


OSUB32 


Group subract Quadtets 


OSUB32.0 


Group subnet signed quadtets check overflow 


osuaM 


Group subract octfets 


OSUB.64.0 


Group subract signed octfets check overflow 


CxSUB.128 " 


Group subract hextet 


osuai2ao 


Group subtract signed hexfet check overflow 


OSUBi_8 


Group subtract limit signed bytes 


G.SU&LI6 


Group subtract fcntt signed doublets 


G-SUBJ_32 


Group subract irnrt signed quadtets 


OSUBJ-64 


Group subtract imrt signed octfets 


OSUBX.I28 


Group subtract imit signed hextet 


OSUBX.U3 


Group subract imt unsigned bytes 


G_SUBJ_UI6 


Group subract imit unsigned doublets 


G5UBJ.UJ2 


Group subtract imit unsigned (juadtets 


aSUBJ_U64 


Group subtract imit unsigned octfets 1 


GlSUBJ_U.I28 


Group subtract imit unsigned hexfet 


OSUB.UAO 


Group subtract unsigned bytes check overflow 


OSUB.U.I6.0 


Group subtract unsigned doublets check overflow 


G5UB.U.32.0 


Group subract unsigned quadtets check overflow 


OSU8U.64.0 


Group subract unsigned octfets check overflow 


OSUBU.I280 


Group subtract unsigned hextet check over.tow 



/ 
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GSET.E2.8 | Group set equal wo bytes 1 


GSET.E2.I6 


Group set equal zero doublets 




Group set equal zero quadtets 


GSETE2.64 


Group set equal zero oaten 




Group set equal mo hexlet 


OSET.OZ8 


Group set greater mo sgned bytes 


GSET.OZ 16 


Group set greater zero signed doublets 


GSETG232 


Group set greater mo signed quadtets 


GSETG264 


Group set greater mo signed octfets 


GSETG2 128 


Group set greater zero signed hexlet 


GSETGE2.8 


Group set greater equal zero sgned bytes 


GSETGE2 16 


Group set greater equal zero signed doublets 


GSETGE232 


Group set greater equal zero signed quadtets 


G.SET.GE2.64 


Group set greater equal wo signed ocHets 


GSETGE2. 128 


Group set greater equal zero signed hexte\ 


GSET.L2.8 


Group set less zero signed bytes 


GSET.L2. 16 


Group set less zero sgned doublets 


GSET.L232 


Group set "ess zero signed qradtets 


GSET.L2.64 


Group set less zero sgned octlets 


G5ET.L2. 128 


Group set less zero sgned hexlet 


G.SET1E2.8 


Group set less equal zero sgned bytes 


GSET.LE2 16 


Group set less equal zero sgned doublets 


GSET.LE232 


Group set less equal zero signed quadtets 


GSET.LE2.64 


Group set less equal zero sgned octteci 


GSET.LE2 128 


Group set less equal zero sgned hexlet 


GSET.NE28 


Group set not equal zero bytes 


G.SET.NE2 ' 6 


Group set not equal zero doubWs 


GSET.NE232 


Group set not equal zero quarters 


GSETNE264 


Group set not equal zero octlets 


G <ET.NE2. 128 


Group set not equal zero hexlet 


G.SET.LF.8 


Group set less equal signed bytes 


G.SETLE 16 


Group set less equal signed doutxns 


G.SET.LE.32 


Group set less equal signed quadtets 


G.SET.LE64 


Group set less equal Ogned octlets 


G.SETLE 128 


Group set less equal signed hexlet 


• GSET.Lt.U8 


Group set less equal unsigned oytes ~~ 


G.SET.LE.U. !6 


Group set less equal unsigned ooubiets 


GSET.LE.U.32 


Group set less equal unsigned quxftets 


G.SET LE.U.64 


Group set k.a equal unsigned ort»e*s 


G.SET.LE.U 128 


Group set less equal unsigned hexlet 


GSET.G.8 


Group set signed greater bytes 


G.SETG. >6 


Group set signed greater doublets 


G.SET. G. 3 2 


Group set signed greater quadiets 


GSET.G.64 


Group set signed greater octlets 
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Group Rerrntd 



G.SET.G. 128 


Group set stoned greater hejdet — — . 


GSETGU.8 


Group set greater unsigned bytes 


GSET.GU. 16 


Gtolq set greater unsigned doublets ™Hj 


GSET.GU32 


Group set greater unsigned quadiets 


GSET.GU.64 


Group set greater unsigned octets 


GSET.GU. 128 


Group set greater unsigned h- »et 




GSET.EZjue rd=rc 


4- G.SET <AND.E.size rd=rc.rc 


GSET.GZjbe rd=fc 


<= G.SET.LU.size rd=rc,rc ^ 


GSETGElsue rd=rc 


<= G.SET.GE.size rd=rc,rc 


GSETJ^Zjue rd=rc 


c= G.SET.Lsize rd=rc.rc 


GSET.LE2.sue rd*rc 


<= CSET.GE.U.size rtfercrc 


GSET.NElsue rd=rc 


<- G.SELAND.NEjize rd=rc.rc 


G.SET.G.sae rd=rt>,rc 


-4 G.SET.Lsize rd=rcrb 


GSET.G.Usae rd=rb,rc 


-> G.SET.LU.size rd=rc.rb 


G.SET.LEsue rd=rtx.rc 


G.SET.GE.si2e rd=rc.rfc 


GSET.LEU.sue rd=rt>.rc 


-* G.SET.GE.U.size rd=rc.rb 1 




G SET £. size rd=rcrc 


G.SET rd 


GSET.NE.size rd=rc.rc 


<=> C2ERO rd 


G.SUBjuze rd=rcrc^ 


cx> G.ZERO rd ~| 


GSUB.Lsize rd=rcjx X <=> G2ERO rd 


G.SUB LU^ize roWcrc 


^ G.Z£ AO rd 


lGSUB.size.0 rd=rcrc 


c=> G.ZERO rd 


GSUB.U-size.O rJ=rc.rc 


<=> GZEffO rd ^ 



Selection 



dass 


operation 


cond 


operand 


size 


check 


arithmetic 


SUB 






8 16 32 64 128 




NOW U 


8 16 32 64 128 


O 


SUB.L 




HCX* U 


8 16 32 64 128 




boolean 


SET AND 
SET 


E 

NE 




8 16 32 64 128 




SET 


L GE 
G LE 


nonj U 


8 16 32 64 128 




SET 


G GE 
L LE 


Z 


8 16 32 64 128 
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G«Mpl 



I QMzm I rd I rc I rb I on 1 

a 6 6 6 ' r — 1 



Two values are taken fn*n the crmtents of registers rc and rb. The specified operation is 
performed, and the result is placed in register nl. 

GsfiDfcQO 

def Groupfteversec'fofuizesd.rc.rq 
c RegRead^c 128) 
b «- Regteadfrfa, 123) 
op of 

G^ua 

for i «- 0 to 128-sue by size 



G5U&L 

tor • 0 to 128-sue by sue 



G5UB1U: 

for i 0 to I28*sue by size 

t «- fO 1 II WlJ • |Ql 1 1 c^e., j 



G.SUB.O: 

for i «- 0 to 128-sire by sire 

* «- (tVstfe-l 1 1 *Vsi*e-l d • fc^we-i 1 1 <V*r*-l J 
' fere * *siie-ll »wi 

raise FaedPouitAf ithfnetic 

entftf 

^•stte-IJ «- t«e-l 0 



G.SUB.U.Q 

for i «- 0 to !?8-sue by sire 

t «- |0' II bkf^i J - f0* i\ €9^^ |J 
if ftae # Of then 

raise FbcedPotntVithmetic 

endif 

*nfee.|.J Wi o 

G3CT£ 
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Group Reverted 

for • «- 0 to 128-we by sue 

endfor 

OSETJSfE: 

far i 0 to I28*si*e by sue 

^ *»s*ze-lJ «- to»size-U * *r>«e-l.J* ,e 
endfor 
GJSETAUDE: 

for i 4- 0 to 128 nze by size 

**size-l..i «- IflVsiie-u and c^e-t J * 0J to 
endfor 
OSETANONE: 

for i «- 0 to I26-"W by size 

arwi j {(tVawl i and c^e., J * OJ** 
endfor 
G.SETX: 

for • #— 0 to 1 28 size by size 

i «- ffrc = rbj ? rtv^i j < 0) : fb^^t j < c^ze-i J)*** 

endfor 

GSHGE: 

for i 0 to 128 swe by «e 

endfor 
G3CTX.U: 

for i 4- 0 to 128 -size by size 

a^nze-i i «- If* = rb) ? (b^u ) 0J : 

ffO I I j < fO I I q^, j||«e 

endfor 

GJETGEU: 

for i 0 to 128-size by size 

**si»-l » «- «rc = rb) ? (tv^, , $ 0) : 
f(0 I I Wl..J ^ f 0 • I CH^e-i.jH^" 

endfor 

endene 

*eg\*fitefrd. 128. al 
enddef 

Exceptions 

I tvd pont arithmetic 
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Group Reversed Floating-point 



These opersoont take two values from testers, perform a ^roup of fl<*rinK-point 
smhmeoc operations on partitions of bits in the operands, and plaee the concatenated 
results in a register. 



Operation codes 

G.SET.E.F.I6 



G.SET.E.F.I6.X 



Group set equal floating point naff 



Group set equal floating-point tuM exact 



G.SCT.E.F.3 2 
G.SET.E.F.32.X 



G.SET.E.F.64 



G.SET.E.F.64.X 



G.SET.E.F.I28 



GSET.E.F.128X 
GSET.GE.F.I6X 



aSETGE.F32J< 



G.SET.GE.F64X 



G.SET.GF.F. 128 .X 
GSET.LG.F.I6 



G.SET.LG.F.I6.X 



G.SET.LG.F.32 



GSET.LG.F.32.X 



G.SET.LG F.64 



G.SET.LG.F.64.X 



G.SET.LG.F. 1 28 



Group set equal floating point single 



Group set equal floating-point single exact 



Group set equal floating-point d ouble 
Group set equal floating-point double exact 



Group set equal floating point quad 



■ Group set equal floaong-pomt qu ad exact 
| Group set greater equal floating-point half e xaTT 
j Group set greater equal floaong-pomt smgle' exacT 



Group set greater equal floating-point double exact" 



Group set greater equal floating pomt q uad exact 
Group set tm greater floatingpoint half 



Group set less greater floating-p oint naif exact 
Group set lets greater floating point single 



Group set less greater floaong-pomt single exact 



l Group set less greater floaong-pomt double 



} Group set less greater floating-pom double exact 



Group set less greater floating-point quad 



G.SET.LG.F.I28J( 



G.SET.LF. 1 6 



G.SET.LF. 1 6.X 



G.SET.l.F.32 



G.SET.L.F.32.X 



i Group set less greater floaong-pomt quad exact 



j Group set lest floating-point naif 
j Group set lest floating-po int naif exact 
j Group set lest floa ting-point vngie 
j Group set lets floating-point single exact 



G.SET.LF.64 



G.SET.LF.64.X 



G.SET.LF. 1 28 



j Group set less floaong-pomt double 



i G roup set less floating pomt double exact 
Group set less floaong-pomt quad 



G.SET.LF. 1 28.X 



G. SET.GE.F.I6 
G.SET.GE.FJ2 



G.SET.GE.F64 



G.SET.GE.F. 1 28 



Group set lett floaong-pomt quad exact 



Group set greater equal floatmg-pomt naif 



Group set greater equal floating pomt smgle 



Group set greater equal flo ating-point double 
Group set greater equal floaong-pomt quad 
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Group Reversed Rotar* point 



Equtv ateooes 



GSET1£.F. I6J( 


Group set less equal floating- pant ha* exact 


GSET1EF.32J( 


Group set teis equal floating-point single exact 


GSET1EF.64J( 


Group set less equal floating-point double exact 


GSET1EF. I28JC 


Group set less equal floating-point quad exact 


CSET.Gf.16 


Group set greater floating-point harf 


GSET.GF.16JC 


Group set greater floating-point ha* exact 


GSET.GF32 


Group set greater floating-point single 


GSET.GF.32X 


Group set greater floating-point single exact 


GSEJ.aF.64 


Group set greater floating-pom double 


GSET.GF.64X 


Group set greater floating-point double exact 


GSET.GF. 128 


vjrMJp sex yewn ■hmu>i(|*|iwii v^mu 


GSET.GF.I28X 


Group set greater floating-point quad exact 


GSET1EF 16 


Group set less equal floating-point half 


GSETJJE.F.32 


Group set less equal floating-point single 


GSETJJE.F.64 


Group set less equal floating-point double 


GSETJLEf.128 


Group set lesr equal floating-point quad 



GSET.G-Fjxec rd=rb.rc 


-* 


G.SET.LFprec rd=rcrb 


GSET.GfjxecJC rd=rb.rc 


-* 


G.SFT.LF.precX rd=rc.rb 


GSETlEfjrec rdkrb.rc 


-* 


G.SET.GE.F.prec rd=rc,rb j 


GSETlEFjrecX rd=rbj- 


-> 


G.SET.GE.F.precX rd=rcrb 



SeSeoiflQ 



class 


PP 


prec 


roun<ytrap 


set 


SET. 
E LG 
L GE 
G LE 


16 32 64 128 


NONE X 



Format 

G.op.precround rd=rt>.rc 

rc=gopprecround(rt>.ra) 

31 24 23 18 17 12 II 65 0 

1 G.prec I rd I rc 1 rb I op.round | 

8 6 6 6 6 

Pexrofon 

The contents of registers ra and rb arc combined using the specified floatingpoint 
operation. The result is placed in register rc. The operation is rounded using the specified 
rounding opoon or using round to nearest tf not specified. If a rounding option is specified, 
the operation raises a floating point execpnon if a floating point invalid operation, divide by 
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Crow? Rcvened Honng-po to t 

xcro, overflow, or underflow occur*, or when specified* if the result is inexact If a rounding 
option is not specified, floating-point exceptions are not raised, and are handled according to 
the default rules of IEEE 754. 

def GroupFtoabngfointReversedlopjirec^^ as 
c «- Regflead|rc. 128) 
b fegfeadfrtx 128) 
for i <- 0 to 128-prec by prec 

bi F|prectVprec-l J 
if rouncMNONE then 

* fdil * SNAN| or fci t - SUV* then 
raoe FtoabngftointAfitf imebc 

endrf 

case op of 

GJETJ-F. aS£T.G€f: 

f f6Yt « OMAN) or Jo t * OMAN) then 
raise FloatingtaM nAi id vneoc 

enovr 
others: //nottwig 
enocase 

endtf 

case op of 

G.SET1J: 

ai #-* bfteci 
G.SET.GE.F: 

ai «- W?<ci 
G3CTf.Fr 

ai «- b«i 
GSET.LGF: 

ai «- t**ci 

endtase 

-Vpr«-i j «- * 
endfor 

ffegWntefrd 128. 4 
enddef 

Exceptions 

Moatmg point arithmetic 



/ 
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Group Shift Left Immediate Add 



Instruction Set 
Ctoup Shift l*ft Immed** Add 



These operations take operands from two registers, perform operations on partitions of bits 
in the operands, and place the concatenated results in a third register. 



QpgateLflMto 



GSHUADDB 


Group shift »eft immediate add bytes 


OSHLMOO.I6 


Croup shift left immediate add doublets 


GSHUADD32 


Group shift left immediate add quadlets 


GSHUADO.M 


Group shift left immediate add octfets 


GSHUADD.128 


Group shift left immediate add hexJet 



I GSHUADOmx rdmajre. I ^ GAAAsize rd@rc.rc 



Format 

G.opsuerd*rcjbj 
rdago ps izefrcrtxi) 

31 24 23 18 17 12 ft 65 21 0 

1 Gjjtec I rd I rc 1 rb |oshuaoo| sh | 
• 6 6 6 6 2 

assert I ££4 
sh 4- M 



Description 

The contents of registers rc and rb arc partitioned into groups of operands of the size 
specified Partitions of the contents of register rb arc shifted left by the amount specified in 
the immediate field and added to partitions of the contents of register rc, yielding a group of 
results, each of which is the size specified. Overflows are ignored, and yield modular 
arithmetic results. The group of results is catenated and placed in register rd. 

Definition 

<fcf Grot*$htt*mmm^^ 
c *- ftegfteadfrc 128) 
b«- Aegfteadfrtx 128} 
for i 4- o to 128-sue by size 

*»*ie-l j «- W-I j ♦ PWe-l-s* i ■ I O 1 ^) 
endfor 

RegWitefid. 128, a) 
enddef 
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Eacccflam 

none 



/ 
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Group Shift Left Immediate Subtract 

These operations take operands (rum two registers, perform operations on partitions of bits 
in the operands, and pbee the concatenated results in s third register. 

QpSBflQQ gate 



osHU3uae 


Group shift left immediate subtract bytes 


osn_tsuai6 


Group shift left immediate subtract doublets 


G3HU.SUBJ2 


Group shift left immediate subtract quadlets 


GSHU^UB.64 


Group shift left immediate subtract octets 


OSHU5UB.128 


Group shift left immediate subtract hewei 



Redundancies 

[GSHLXSliasfee rcfcfc1,rc <=> G.COPY rd=rc 



G.ocxsizerd=rb.Crc 
rdsgopsize(rb.trc| 

*1" '8 17 12 11 65 21 0 

1 Gjjre 1 rd | rc I rb 

8 6 6 A 



6 2 



assert I3€4 
sh «- i-i 



The contents of registers rc and rb are partitioned into gnwps of operands of the size 
specified. Partitions of the contents of register rc are subtracted from partitions of the 
contents of register rb shifted left by the amount specified in the immediate field, yielding a 
group of results, each of which is the size specified. Overflows arc ignored, and yield 
modular arithmetic results. The gnmp of results is catenated and placed in register rd. 

Definition 

def Group5hrftLefBmmediate4ubnact(jh^^Arb^ 

c «- RegReadfrc. 1281 / 

b «- fteofteadfrb. 128) 

for i «- 0 to 1 28- we by sue 



RegWntefrd. 128. a) 
enddef 
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/ 
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Group Subtract Halve 

These operations take operands from two registers, perform operations on partitions of bits 
in the operands, and place the concatenated results in a third register. 



Operation codes 



asuanac 


Group subtract halve skjned bytes ceilinq 


GsuanaF 


Group subtract naive skjned bytes floor 


GSU8.H.8.N 


Group subtract halve skjned bytes nearest 


G.SU&H.8.Z 


Group subtract halve siqned bytes zero 


GSUBX.I6.C 


Group subtract halve siqned doublets ceilinq 


&SUSLHI&F 


Group subtract halve signed <ir>ihi*»r< floor 


G.SUB.H.16.N 


Group subtract halve siqned doublets nearest 


GSUB.H.I6.Z 


Group subtract halve siqned doublets zero 


G.SU8.H.32.C 


Group subtract halve siqned quadlets ceilinq 


GSUBXJZF 


Group subtract halve siqned quadlets floor 


GSU8.H32.N 


Group subtract halve siqned quadlets nearest 


G.SUB.HJ2.Z 


Group subtract halve siqned quadlets zero 


&SUBX.64.C 


Group subtract halve siqned octlets ceiling 


GJSUBJH.64.F 


Group subtract halve siqned octlets floor 


GSU&H64.N 


Group subtract halve siqned octlets nearest 


G.SU8.H.64.Z 


Group subtract halve siqned octlets zero 


GSUB.H.I28.C 


Group subtract halve siqned hexlet ceilinq 


GSU&HI28.F 


Group subtract halve siqned hexlet floor 1 


G.SU8X.I28.N 


Group subtract halve siqned hexlet nearest 


G.SUBH.I28.Z 


Group subtract halve siqned hexlet zero 


GSUB.RU.8.C 


Group subtract halve unsiqned bytes ceilinq 


G3UBX.U.8.F 


Group subtract halve unsiqned bytes floor 


G3U8.H.U.8.N 


Group subtract halve unsiqned bytes nearest 


GSUBH.UJB2 


Group subtract halve unsiqned bytes zero 


GSUB.H.U.16.C 


Group subtract halve unsiqned doublets ceilinq 


GSUB.H.U.I6.F 


Group subtract halve unsiqned doublets floor 


G5UBX.U.I6.N 


Group subtract halve unsiqned doublets nearest 


G.SUBXU.16.Z 


Group subtract halve unsiqned doublets zero 


G.SUBX.U.32.C 


Group subtract halve unsiqned quadlets ceilinq 1 


G.SUBX.U.32.F 


Group subtract halve unsiqned quadlets floor 


G.SUBX.U.32.N 


Group subtract halve unsiqned quadlets nearest 1 


G.SUB.H.U.32.Z 


Group subtract halve unsiqned quadlets zero 


G.SUBX.U.64.C 


Group subtract halve unsiqned octlets ceilinq 


G.SUB.H.U.64.F 


Group subtract halve unsiqned octlets floor 


G.SUB.H.U.64.N 


Group subtract halve unsiqned octlets nearest 


G.SUBX.U.64Z 


Group subtract halve unsiqned octlets zero 


G.SUBXU.I28.C 


Group subtract halve unsiqned hexlet ceiling 


GSU8.H.U.I28.F 


Group subtract halve unsiqned hexlet floor 


G.SUBX.U.I28.N | Group subtract halve unsigned hexlet nearest 



- 183- 



MicroUnity 



Zeui Syuan Architecture Tue, Aug 17, 1999 Instruction Set 

Croup SubtnctHWvc 



IOSUaH.U.128^ iGrotp 


subtract halve unskmed hextet *ero 1 


Keduodaocta 


GSUaHsfcernd rd*rcsc 


<=> G2BRO rd J 


|&SUaHUsizejnd rcfercrc 


o G.ZERO rd 1 


Format 




G.opjizemd rd=rtxrc 




rd=gopsizernd(rt>jc) 




3! 24 23 


»S I? 1? II 6 5 21 0 


1 G.slze | rd 


1 rc | rb | oo TO 


8 6 


6 6 4 2 



Description 

The contents of registers rc and rb arc partitioned into groups of operands of the size 
specified and subtracted, halved, rounded and limited as specified, yielding a group of 
results, each of which is the size specified. The group of results is catenated and placed in 
register rd. 

The result of this operation is always signed, whether the operands arc signed or unsigned. 

def GroupSut*ractHafce^ 
c +- RegReadfrt. 128) 
b «- RegReadfrt*. 128} 
case op of 

G5UBX.C GSUaHF. G.SUB.H.N. G3UB.H^: 

as «- cs «- bs I 
G.SUBK.U.C G.SU8.H.U.F. G.SUB.H.UM G.SUB.H.UZ 

as I 

cs «- bs +- 0 

endcase 

for • «- o to l28-si*e by size 

p 4- ffbs and bjae.tl 1 1 bj^,^ j - |fcs and c^,) 1 1 c^i* J 
case md of 
none. N: 

s «- 0 s * 1 1 -pt 

2: 

s 0 s ** 1 1 pji^e 

F: 

$ «- O^ 1 

C: 

S «- 0» w II 1 * 

endcase 
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* vtml • |» fc vuh) men 
die 




enrtdef 

Exrephoru 



/ 
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Group Ternary 

Thcic operations cake three values fnm registers, perform a group of calculations on 
partitions of bits of the operands and place the catenated results in a fourth register. 



Operation cpde* 



Igmux 


| Group muftipfex | 


Redundancies 


G.MUX ra=rdjcjrc 


<=> G.COFY ra*cc 


G.MUX rasra/orb 


<=> GBOOLEAN ra©rc.rtJ,Ox 1 100 10 10 


GMUX ra=fdra.rt> 


» G-SOOLEAN ra®rd/to.0xl 1 100010 


GJMUX r3=rd.rc.ra 


e> G.BOOLEAN ra@rd.rc.0x 1 1 0 1 1 000 


GMUX r*=rctr<trt) 


<r> G.OR ra=rd/b '"""1 


G.MUX ra=rd/c/d 


<=> GAND ra=rd.rc "7 



Format 

G.MUX ra=r d.rcrt> 



ra=gmuxfrd/crb| 

31 24 23 18 17 12 It 65 0 

I G.MUX | rd 1 rc 1 rb I ra 



The contents of registers rd, rc, and rb arc fetched. Each bit of the result is ctjua! to the 
corresponding bit of rc, if the corresponding bit of rd is set, otherwise it is the 
corresponding bit of rb. The result is placed into register ra. 

Definition 

def GroupTrniaryfop r sae.rd.rr.rt>.ra) as 
d «- RegReadfrd. 128) 
c 4- RegReadfrt. 128) 
b 4- RegReadfrb. 128) 
case op of 
G-MUX: 

a (c and d) or |b and not d) , 
endcase / 
RegWritrfra. 12a * 
enddef 

Exceptions 

none 
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Crossbar 

These operations take operands from two registers, perform operations on partitions of bits 
in the operands* and place the concatenated results in a third register. 



Operation coda 





Crossbar compress signed pecKs 




Crossbar compress signed rabbles 




Crossbar compress signed bytes 




Crossbar compress signed doublets 




Crossbar compress signed quadtets 




Crossbar compress signed octfets 




Crossbar compress signed hexlet 




Crossbar compress unsigned pedes 




Crossbar compress unsigned rabbles 




Crossbar compress unsigned bytes 




Crossbar compress unsigned douWf o 




Crossbar compress unsigned quadtets 




Crossbar compress unsigned octfets 


yrnAiBHWPWU 17fl 


Crossbar compress unsigned nexfet 


yrypAMD 7 

A.LArriX/.4 


Crossbar expand signed pedis 


y PyPAMD 4 


Crossbar expand signed rubbles 


y FXPAMDft 


Crossbar expand signed bytes 


y EXPAND 16 


Crossbar expand signed doublets 


XEXPANDJ2 


Crossbar expand signed quartets 


XEXPANO.64 


Crossbar expand signed octfets 


XEXPAND.I28 


Crossbar expand signed hexlet 


XEXPAND.U.2 


Crossbar expand unsigned pedes 


XEXPAND.U.4 


Crossbar expand unsigned ntMe\ 


XEXPAND.U.8 


Crossbar expand unsigned bytes 


XEXRANDU 16 


Crossbar expand unsigned doublets 


XEXPAND.U.32 


Crossbar expand unsigned quadlets 


XEXPAND.U.64 


Crossbar expand unsigned octfets 


XEXPAMO.U. 1 28 


Crossbar expand unsigned hexlet 


XROTL2 


Crossbar rotate left pecks | 


XROTL4 


Crossbar rotate left nibbles 


XROTL8 


Crossbar rotate left bytes 


XROTLI6 


Crossbar rotate left doublets 


XROTL32 


Cr jssbar rotate left quadlets 


XROTL64 


Cr«<ssbar rotate left octfets 


XROTLI28 


Crossbar rotate left hexlet 


XROTR.2 


Crossbar rotate right pecks 


XROTR.4 


Crossbar rotate right nibbles 


XROTR.6 


Crossbar rotate right bytes 


XROTR.16 


Crossbar rotate right doublets 


XROTR.32 


Crossbar rote"* right quadlets 
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XROTR.64 


Crossbar rotate right octfets 


XPOTR.I28 


Crossbar rotate right hexlet 


XSHL2 


Crossbar shift toft pecks 


XSHL2.0 


Crossbar shift left signed pecks check overflow 


XSHL4 


Crossbar shift left nibbles 


XSHL4.0 


Crossbar shift left signed nibbles check overflow 


XSHL8 


Crossbar shift left bytes 


XSHL&O 


Crossbar shift left signed bytes check overflow 


XSHL16 


Crossbar shift left doublets 


XSHLI6.0 


Crossbar shift left signed doublets check overflow 


XSHL32 


Crossbar shift left quadJets f 


XSHL32.0 


Crossbar shift left signed quadlets check overflow 1 


XSHL64 


Crossbar shift left octfets J 


XSHL64.0 


Crossbar shift left signed octfets check overflow 


XSHLI28 


Crossbar shift left hexfet 


XSHLI28.0 


Crossbar shift left signed hexlet check overflow 


XSHLU.2.0 


Crossbar shift left unsigned pecks check overflow 


XSHLU.4.0 


Crossbar shift left unsigned nibbles check overflow 


XSHLU.8.0 


Crossbar shift left unsigned bytes check overflow 


XSHLU.16.0 


Crossbar shift left unsigned doublets check overflow 1 


XSHLU.32.0 


Crossbar shift left unsigned quadlets check overflow 


XSHLU.M.O 


Crossbar shift left unsigned octfets check overflow 


XSHLU.128.0 


Crossbar shift left unsigned hexlet check overflow 


XSHR.2 


Crossbar signed shift right pecks 


XSHR.4 


Crossbar signed shift right nibbles 


KSHR8 


Crossbar signed shift right bytes 


X5HR.I6 


Crossbar signed shift right doublets 


X3HR.32 


Crossbar signed shift right quadlets 


XSHR.64 


Crossbar signed shift right octfets 


XSHR.I28 


Crossbar signed shift right hexfet 


XSHR.U.2 


Crossbar shift right unsigned pecks 


XSHR.U.4 


Crossbar shift right unsigned nibbles 


XSHRU.8 


Crossbar shift right unsigned bytes f 


XSHR.U.16 


Crossbar shift right unsigned doublets 


XSHR.U.32 


Crossbar shift right unsigned quadlets [ 


XSHR.U64 


Crossb* shift right unsigned octfets 1 


XSHR.U.I28 


Crossbar shift right unsigned hexlet j 



class 


op 


size 


precision 


EXPAND EXPAND.U 
COMPRESS COMPRESS. U 


2 4 8 16 32 64 128 


shift 


ROTR ROTL SHR SHL 
SHLO SHLU.O SHR.U 


2 4 8 16 32 64 128 
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Format 

Xop.nzc rd^rcrb 
rctooopstocfrc/tof 

31 2S?«23 18 17 12 11 6 5 21 0 

I XSHIFT Isl rd 1 rc I rb I QP l«l 

7 1 6 6 6 4 2 

toe *- logfsize) 
s «- bize2 
a «- tweij) 

Description 

Tv-o values sic taken fawn the contents of register* rc and rb. The specified operation is 
performed, and the result is placed in register rd 

Definition 

def Cros$barfop.size.rd.rcrb| 
c Regfceadfrc 128) 
0 4- JtegReadFb. 128J 
shtft 4- b and fsize-IJ 
case ops 2 « 1 0 2 of 
XCOMPRESS: 

hsize stf^2 

for i «- 0 to 64-hsize by hsize 
if shift £ hsize then 

^H+m»-l j c i*i^ft*hsize-l.>«*shift 

Hse 

a^ni^U c^z^f I 1 Wsize-I >t*shrfi 

end* 
endfor 

«127.64 «~ 0 
XCOMPRESSU: 

hwe 4- $tt</2 

for i 4- 0 to 64-hsize by haze 
if shift S hsize then 

a»*twi*e-l.j «- CH4*shift*hsize- 1 f^shrft 

Hse 

endif 
endfor 

ai27.ii «- 0 
X£XPAN£> 

hsize «- siz€/2 

for ft *- 0 to 64-hsize by hsize 
ff shift £ hsize then 
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else 

end* 
endfor 

XJEXPfiNDXk 

hsue 4- M^2 

tor i 4- 0 to 64 rvsue by hsue 

* shift £ hsue then 

cfee 

end* 
endfor 
XROTL 

for i *- 0 to l?8-w* by size 

^sue-IJ «~ tWMe.i.jMii I I 1 ..Mae- 1 -shrfi 

endfor 
X.ROT*: 

for i ♦— 0 to 128-sue by sue 

•Vwe-I.i «- tMNfi-lj 1 1 «*»sUe-l>sh«rt 
endfor 
XSHL 

for • ♦— 0 to 128-sue by sue 

endfor 
XSHLO: 

for i *- 0 to 128-sue by sue 

* c^«e- l 1 * c£2&-'i-jh«ft then 

raise F«edA»»itAnthmetic 

endif 

«M«e-l .• - «H«e-l-snftj' • O 5 ™ 
endfor 
XSHLU.a 

for i 0 to 128-sue by size 

* c^u^i j^^n * 0** then 

raise FaedPomtrVUhmetK 

endif 

endfor 

)CSHR: 

for i <- 0 to 128-sue by sue 

*»sue-l i «- c r8&-l 1 1 c KSue-l .j+th*t 
endfor 
XSHfl.U: 

for i 0 to 128-sue by sue / 
endfor 

endcase 

flegOYitefrd. 128. a) 
enddef 



- 190- 



Microl'nity 



Zcu* System Architecture Tue, Au£ 17. IW9 Instructs in Sci 

< .'rrmltar 

Exceptions 



Microl'mry 



Zeus System Architecture Tuc, Aug 17, 1999 Instruction Set 

Crowbar I Ixrraci 



Crossbar Extract 

These operations take operands from three registers, perform operations on partitions of 
bits in the operands, and place the concatenated results in a fourth register. 

Operation codes 

| X EXTRACT | Crossbar extract j 



format 

X.EX ^ACT ra=rd.rc.rb 

ra=xextract(rd.rc,rb) 

31 24 23 18 17 12 11 6 5 0 

I op 1 rd I rc I rb 1 ra I 



pescription 

*I*hc contents of rcpstcrs rd, rc, and rb arc fetched. The specified >pcranon is performed on 
these operands. l*he result is placed into register ra. 

Bus 31. 0 tif the contents of rcpstcr rb specifies several parameters which control the 
manner in whic^ data extracted, and for certain operations, the manner in which the 
operation is performed. The po-'tion of the control fields allows for the source position to 
be idded to a fixed control value for dynamic computanon, and allows for the lower 16 bits 
of the control field to l>c set for some of the simpler extract cases by a single GCOPYU28 
instruction The control fields are further arranged so ;hat if only the low order 8 bits arc 
non /cro, a 128 hit cxtracnon with truncation and no rounding is performed. 

31 24 23 16 15 M 13 12 _M 109 8 0 

I fslze | dpos |x|s|nH ' |rnd| gssp | 

8 8 1 I 1 I I 2 9 



"Hie table below describes the meaning of each label: 



label 


bits 


meaning 


fsize 


8 


field size 


dpos 


8 


destination position 


X 




reserved 


s 




signed vs. unsigned 


n 




reserved 


m 




merge vs. extract 


1 




reserved 


rnd 


2 


reserved 


qssp 


9 


group size and source position 
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The 9-bit gaap field encodes both the gnwp sisc, gsizc. and source position, spot, 
according to the formula gasp = SI 2 4*gaixc+apoa. The group si/c, gatse. is a power of 
two in the range l..!28. The source position, apoa t is in the range 0..(2*gai*c)«l. 



Hie values in the a, n, I and md fields have the following meaning: 



values 


s 


n 


m 


i 


rnd 


0 


unsigned 




extract 






1 

2 


signed 




merge 






3 













For the X.EXTRACT instruction, when m=0 % the parameters are interpreted to select a 
fields fnwn the catenated contents of registers rd and re, extracting values which are 
catenated and placed in register ra.: 



4- fsfaM Spot 




fsfce dpos - 



Crossbar extract 

For a crossbar merge extract (X.EXTRACT when m=l), the parameters arc interpreted to 
merge a fields from the contents of register rd with the contents of register rc. The results 
are catenated and placed in register ra. 



fate* -»m* — %pot 



/ 




Crossbar merge extract 
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def Crossbar£xtract|op.raiUrcrd} as 



6 «- 


RegReadfrd. 128) 




ReoReadfrt 1281 




ReaReadfrtx 1281 


case 


ba ft Of 




0 255 
















lp4 447 

JO"-™" * • 








448 479 




gsize *•» 1 6 




480.495: 




gsi*e «- 8 




496 503 




gs**e «- 4 




504.507: 




gsize «- 2 




508.511: 




gwr «- 1 



endcase 
m b\2 

as signed t>j4 
h |2-m| # gsi7e 

spos 4- ol and ||2-fnrgs**e-l| 
dpos «- (0 1 1 b 23 t6 | and fgs*e-l| 
sfsue ♦-(Oil b 3! 2 4l and |gs*e-l| 

tfsi-e (sfsize = 0) or |(sfsize*dpos| > gsizej 7 gsize-dpos : sfstfe 
fsj/e #~ ftfsi/e ♦ spos > h| 7 h • spos : tfsure 
for i 4- o to 1 28-gsi*e by gsize 
case op of 

X.EXTRACT: 
if m then 

P «- dgsi*e**-l..i 

else 

p |d II c)2igsizem*l..2*i 

endif 

endcase 

v «- (as & Pn iM lp 

w (as & v sp<n ^i^ f ^^ 1 1 v fwe . IW X po$ 1 1 <X**» 
•f m then 

awe-li « *" c gsi*e-l* dpos*fsi-e*i 11 w opoj*fs*e- 1 dpos 11 -dpos-1*l i 

else 

a SLre-t«i .i *~ w 

/ endif 
endfor 

RegWntefra. 128. a) 
enddef 
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Crossbar Field 

llic^c operations take operands from a register and two immediate values, perform 
operations on partitions of bits in the operands, and place the concatenated results in the 
second repstcr. 



Operation coda 



xDEPOsrr.2 


Crossbar deposit signed pecks j 


xDeposrr.4 


Crossbar deposit siqned nibbles 


xDEPosrr.8 


Crossbar deposit siqned bytes 


XDEPOSfT.16 


Crossbar deposit signed doublets 


XD€POSrr.32 


Crossbar deposit signed guadlets 


XDEPOSiT.64 


Crossbar deposit signed octiets ^ 


XD£POSrr.l28 


Crossbar deposit signed hexlet 


xDCPOsrr.u.2 


Crossbar deposit unsigned pecks 


xDEPO$rr.u.4 


Crossbar deposit unsigned nibbles 


X0EPOSfr.U8 


Crossbar deposit unsigned bytes J 


XDEPOSrT.U.16 


Crossbar deposit unsigned doublets 


XOEPOS/T.U.32 


Crossbar deposit unsigned quadlets 


XDEPOSiT.U.64 


Crossbar deposit unsigned octiets 


XDEPOSiT.U 128 


Crossbar deposit unsigned hexlet 


XWTTHDRAW.U.2 


Crossbar withdraw unsigned pecks 


XWTTHDRAWU4 


Crossb.^ withdraw unsigned nibbles 


XWTTHORAW.U.8 


Cros^r withdraw unsigned bytes 


XWJTHORAW.U 16 


Crossbar withdraw unsigned doublets 


XWITHDRAWJ.32 


Crossbar withdraw unsigned quadlets 


XWrTHDRAvfc' U 64 


Crossbar withdraw unsigned octiets 


XWrTHDRAW.U 1 28 


Crossbar withdraw unsigned hexlet 


XW?THDRAW.2 


Crossbar withdraw pecks i 


XWITHDRAW.4 


Crossbar withdraw nibbles 


XWTTHDRAW.8 


Crossbar withdraw bytes 


X WITHDRAW 1 6 


Crossbar withdraw doublets 


X. WITHDRAW 32 


Crossbar withdraw quadlets 


X WTTHDRAW 64 


Crossbar withdraw octiets 


X WTTHDRAW 1 28 


Crossbar withdraw hexlet 



- 1%- 



Micn»l : nity 



Zeus Syttcm Architecture 



Tbc, Ai* 17, 1999 



Instruction Set 
Cm** Hey 



X5EX.L2 




XSEX.1.4 
XSEXL8 
XSEX.Lt 6 


Crossbar extend Immediate stoned pecks ~j 
Crossbar extend immediate sioned nibbles 
Crossbar extend i.nmediate stoned bytes 


XSFXL32 
XSEXL64 


Crossbar extend immediate sioned doublets 

Crossbar extend immediate stoned quadlets 

Crossbar extend immediate sioned octlets 


XSEXI.I2S 


Crossbar extend immediate sioned nexlet 


X2EX.I.2 


Crossbar extend immediate unsianed pecks 


XZEXL4 


Crossbar extend immediate unsioned nibbles 




Crossbar extend immediate unsigned bytes 


KZEX.11 6 


Crossbar extend immediate unsigned doublets 


XZEXI32 


Crossbar extend immediate unsiqned quadlets 


XZEXL64 


Crossbar extend immediate unsigned octlets 


XZEXU28 


Crossbar extend immediate unsigned hexlet 



XSh& l gsu e rd=rcj 


-» 


XDEPOSIT.gsize rd=rcsize-i.i 


XSHRJ.gsize rd=tc.i 


-* 


XWITHDRAW.gsize rd=rc.size-i i 


XSHRU.I.gsue rd=rc,i 


-> 


XWTTHDRAWU.gsize Td-rc.s\ze-\,\ 


XSEXI.gsize rd=rci ' 


-> 


XDEPOSiT.gsize rd=rcj # 0 


XZEXigsue rd=rc.i 


-* 


XDePOSfT.U.gsize rd-rci.0 




XDEPOSfT.gsue rd=rc.gsize.O 


<=> 


XCOPV rd=rc 


XDEPCSrr.U.gsize rd=rc.gsize.O 


<=> 


XCOPY rd=rc 


KWfTHDRAW.gsize rd=rc.gsize.O 


<=> 


XCOPV rd=rc 


X WTTHDRAW.U.gsae rd=n.gaze.O 


<=> 


XCOPY rd=rc 




rd=rc.isize.ishift 



rd=xopgsize(rc.isizeJshift) 
31 



26252423 
2 



rd 



18 17 



rc 



12 II 



6 S 



qsfp | Q s "fl~l 



assert isize+ishih S gsize / 
assert isizc>1 

•no II gsfs «- 128-gsize+isizc-l 
ib| 1 1 g$fp <- 128-gsize+ishift 
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The contents of register rc is fetched, and ?-bit immediate values arc taken from the 2-bit ih 
and the 6-bit gsfp and gsf, fields. The specified operation is performed on these operands 
The result is placed into register rd 

The diagram below shows legal values for the ih, gsfp and gsfs fields, indicating the noun 
size to which the)- apply. r 



•v, 1 1 




encoding for crossbar field 



117 



The ih. gstp and gsfc fields cnc<»dc three values: the group size, the field size, and a shift 
amount. The shift amount can also be considered to be the source bit field position for 
group-wuhdraw instructions or the destination bit field position for group-deposit 
mstrucnons. The encoding is designed so that combining the gsfp and gsfs fields with a 
bitwisc-and pn-duccs a result winch can be decoded to the group size, and so the field size 
and shift amount can be easily decoded once the group size has been determined. 



/ 
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The crossbar-deposit instructions deposit t bit field (rum the lower bits of each gn 
partition of the source to a specified bit position in the result The value it cither sij 
extended or zctu-cxtcndcd, as specified 



rim — ► 




fete* dpos - 

crossbar deposit 



The cn»ssbar -withdraw instructions withdraw a hit field from a specified bit position in the 
each group partition of the source and place it in the lower bits in the result. The value is 
cither sign-extended or zero-extended, as specified. 



«#- fell* SpOS 




crossbar withdraw 



Pcfinffon 

def Cro^sfcarf •eWfop,rd.rc.gsfp.gsfs| *j 
c JtegReddfrc. 128) 
case ffopi I « gsfp) and fopo M g$f$» of 
0 63: 

gute «- 128 
64.95: 

gsire 64 
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96.1 M: 

gwe <- 32 
112.119: 

gwe 16 
120.123. 

gwf «- 8 
I24-I2S: 

gsue « 

126: 

gsue «- 2 

127: 

ra«e fteservedJnstruction 

endcase 

Hhrft (op, 1 1 gsfp| and fgs*e-1) 
twe «- ffopo 1 1 gsfsf and fgsi/e-l)M 
(rsfWt»fStfe>gtt?e) 

raise Reservedfrtstrucoon 

end* 

case op of 

XDEPOSfT 

for i +- 0 to 128-gwe by gsize 

endfor 
XDEPOSTT.U: 

for • ^ 0 to !28-gs*e by gsize 

endfor 
XWTTHORAW 

for • *- 0 to 128-gste by gsize 

c »t$ue*fshift- 1 i+fshift 

endfor 
X.WTTHORAW.U: 

f or • «- 0 to 128-gu/e by guie 

**gy^l i «- | | Ci^4^ tMmm 

endfor 

endcase 

GegWHtefrd. ?28. a) 
enddef 

Exceptions 

Rrvn cd nttrucnon 



/ 
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Crossbar Field Inplace 

These operations take operands fnwn two registers and two immediate values, perform 
operations on partitions of bits in the operands, and place the concatenated results in the 
second register. 



Operation ***** 



XDEPOSITM2 


Crossbar deposit merge pecks 


XDEPOSITM4 


Crossbar deposit merqe nibbles 


X0EFOSITM8 


Crossbar deposit merge bytes 


XOEPOSITMI6 


Crossbar deposit merqe doublets 


XDEPOSIT.MJ2 


Crossbar deposit merge quad lets 


XOEPOSJTM64 


Crossbar deposit merqe octfets 


XOEPOSfT.M.128 


Crossbar deposit merge hextet I 



IXOEPOSIT.M.I | Crossbar deposit merqe bits 

|XQ6POSiTMl rdgrcTo -> XCOPY rd=rc 



Redundance 

\XDEPOSITMgsue rd9rc.gsuc0 <=> XCOPT rd=rc 
Format 

Xop.gsize rd@rcisizejshift 

rd=xopgsi2e(rd,rcisi?e.tsnift) 

31 262S2423 18 17 1211 65 0 

I op MM rd I rc | gsf p I qsfs I 

6 2 6 6 6 6 

assert isuenshft <. gsize 
assert isue^l 

tho II qsfs «- 128-gsize+isize-l 
ihi 1 1 gsfp «- 1 ?8-gsize+ishift 



The contents of register* rd and rc are fetched, and 7-bit immediate values arc taken from 
the 2-bit ih and the 6-bit pfp and gsfs fields. The specified operation is performed on these 
operands. The result is placed into register rd. 
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The digram below shows legal values for the ih, gsfp and gsfs fields, indicating group 
size to which the}* apply. 




encoding for crossbar 



The ih, gsrp and gsfs fields encode three values: the group size, the field size, and a shift 
ami Hint. The shift amount can also be considered to be the source bit field position for 
group-withdraw instructions or the destination bit field position for group-deposit 
instructions The encoding is designed so that combining the gsfp and gsfs fields with a 
bitwise and produce* a result which can be decoded to the group size, and so the field size 
and shift amount can be easiiy decoded once the group size has been determined 

The crossbar deposit-merge instructions deposit a bit field from the lower bits of each group 
partition of the source to a specified bit position in the result. The value is merged with the 
contents of register rd at bit positions above and below the deposited bit field. No sign- or 
zcro-cxtcnsion is performed by this instruction. 



i ; n j 

« gtiy 









m 


Hit 









fsixc -+< dpoi - 

crossbar deposit 
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BefiofctaQ 

def CrosstM^ieMir ytoegfe . r^xgrffrgsft) as 
c «- ftegReadfrc 128) 
d «- Reg**ad|rd. 128} 
case flop, 1 1 gsftf and (opo 1 1 gsft» of 
<L63: 

gwe «- 128 
64.95: 

gsue «- 64 
96.1 1 1: 

gsue 32 
1 12.119: 

gwe «- 16 
120.123: 

gs«e 8 
124..12S: 

gsize «- 4 

126: 

gaze «- 2 

127: 

rase Resefvedfrtstruction 

endcase 

tthrft «- fopi 1 1 gsljpl and fgsize-l) 

«- ffopo ll gsftj and fgsi*e-1|)*l 
if fishrft+tsue>gue| 

raise Reservcdfristruction 

endif 

for i 4- 0 to 128-gsue by gstze 

^9»»-I j 3*gu*e-!>fSiie*fShift 1 1 c ms*e-l i H <Whift-l..i 
endfor 

*egwr*e|rd. 128. a) 
enddef 

E»;epft>rtf 

Reierved instruction 



/ 
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Crossbar fnoface 

These operations take operands fntm three registers, perform operations on partitions of 
bits in the operands, and place the concatenated results in the third register. 



Operation codes. 



w rut ii ^ 


Crossbar shift left merge pecks 


W f 1 a* || j 

XSHLM.4 


Crossbar shift left merge nibbles 


w r i it aim 

XSHLM.8 


Crossbar shift left merge bytes 


XSHLM.I6 

a^->' V*« 9 


f~ rry€<t\Jkf chiff loft rv*Ars*A «KIj>»» 
^ruyMMi V iiil Itn l merge UOUOfetS 


XSHLM.32 


Crossbar shift left merge quadlets 


XSHLM.64 


Crossbar shift left merge ocUets 


XSHLM.I28 


Crossbar shift left merge hexleit 


XSHRM2 


Crossbar shift right merge pecks "1 


XSHR.M.4 


Crossbar shift riQht merge nibbles 


XSHR.M.8 


Crossbar shift riqht merge bytes 


XLSHRM.I6 


Crossbar shift right merge doublets 


XSHR.M32 


Crossbar shift right merge quadlets 


XSHR.M.64 


Crossbar shift right merge ocrlets 


XSHR.M.t?d 


Crossbar shift right merge hexlet 7 



format 



X op size rd©rcrb 

rd=xopsi2efrd.rc.rb| 

31 252423 18 17 12 II 6 5 21 0 

i XSHIFT ls| rd | rc I rb I op^Tin 

7 I 6 6 6 4 2 

Isize «- tog(size) 
s *- tee2 
S2 <- Isize j . o 

Pgftripfon 

The contents of registers rd, rc and rb arc fetched. The specified operation is performed on 
these operands. The result is placed into register rd. 

Register rd is both a source and destination of this instruction. 

Definition 

def Cros$5artnp^e(op.stfe.rd.rcrt)| as 
d «- RegReadfrd. 128) 
c *- RegReadJrc, 128) 
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b RegReadfrtx 128) 
shft «- 5 and {Me»l| 
for t «- 0 to 1 28 sue by sue 
case op of 
XSHRMt 

*h*i**lJ +- Ci»tftft.|j I I <We~l.>shtft 

endfor 

RegWhtefrd. 12a 4 
evHJun 

none 
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Crossbar Short Immediate 

These operations take operands from a register and a short immediate value, perform 
operations on partitions of bits in the operands, and place the concatenated results in a 
register. 



Operation code* 



XCOMPRESS.1.2 


Crossbar compress immediate signed pecks 


XCOMPRESS.1.4 


Crossbar compress mmedute signed n*X*es 


XCOMPRESS.1.8 


Crossbar compress tfnmedwte signed bytes 


XCOMPRESS.I 16 


Crossbar compress immediate signed doublets 


XCOMPRESS.132 


Crossbar compress mmedute signed quacflets 


XCOMPRESS.1.64 


Crossbar compress immediate signed octfets 


XCOMPRESS.I. 1 28 


Crossbar compress vnmediate signed hexlet 


XCOMPRESS.I.U.2 


Crossbar compress anmedute unsigned pecks 


XCOMPRESSJ.U.4 


Crossbar compress tnmediate unsigned nibbles 1 


XCOMPRESS.I.U.8 


Crossbar compress immediate unsigned bytes 


XCOMPRESS.I.U. 1 6 


Crossbar compress fnmedute unsigned doublets 


XCOMPRESS.I.U.32 


Crossbar compress mvneefcate unsigned quadJets 


XCOMPRESS.I.U.64 


Crossbar compress immediate unsigned octlets 


XCOMPRF.SS.I.U.I28 


Crossbar compress mmediate unsigned hexfet 


XEXPAND.1.2 


Crossbar expand immediate signed pecks 


XEXRAND.1.4 


J Crossbar expand immediate signed rubbles 


XEXPAND.I8 


Crossbar expand immediate signed bytes 


XEXRWD.M6 


1 Crossbar expand mmediate signed doublets 


XEXPAN0.IJ2 


Oossbar expand mmetfcate signed quartets 


XEXPANO.1.64 


Crossbar expand vnmedtare signed octfets 


XEXPANO.1. 1 28 


Cross'x expand immediate signed hexlet 


X.EXPAND.I.U.2 


Crossoar expand immediate unsigned pecks 


XEXPAND.I.U.4 Cro»jDar expand immediate unsigned nibbles 


XEXRAND.I U.8 1 Crossbar expand vnmedtate unsigned bytes 


XEXPAND.I.U. 1 6 


Crossbar expand immediate unsgped doublet* 


XEXPAND.I.U.32 


Crossbar expand immediate unsigned quadlets 


XEXPAND. I.U.64 


Crossbar expand immediate unsigned octlets 


XEXPAND.I.U. 128 


Crossbar expand immediate unsigned hexlet 


XROTL.1.2 


Crossbar rotate left immediate pecks 


XROTLI.4 


Crossbar rotate left mmediate nibbles 


XROTLI8 


Crossbar rotate left immedkate bytes 


XROTLI.I6 


Crossbar rotate left immetikate doublets ~ 


XROTLI.32 ] 


Crossbar rotate left fnmediate quadlets 


XROTLf.64 


Crossbar rotate left immediate octlets 


XROTLI.l 28 / 


Crossbar rotate left mmediate hexlet 


XROTR.1.2 


Crossbar rotate right immediate pecks 


XROTR.I4 


Crossbar rotate nght immediate nibbles 


XROTR.1.8 


Crossbar rotate right immediate bytes 


X.ROTR.I.I6 


Crossbar rotate right immediate doublets 



* 206 - 



MkmUnity 



Sptctn Architecture Tuc. Aug 17. 1999 !n.trucm»n Set 

CrottUr Short Immedutt 







1 XROTP 1 A4 

1 *\»f\%^l lv.lt 


vruiMw rotate ngro vnmeouce ocoets f 


1 x POTP I no 


trossoar rotate right tfnmedtate hexfet j 


IXSHLL2 




IXSHL L?"5 " 


uyuu ^ sn#TT w lfnra *f signed pecks check overflow j 


I XSHLI 4 


uuiiiw kmi icii fffwriecMce mooies | 


■ X-SHi 14 Q 


Uuuuar |rw *n mvneoMte signed nrooies check overflow | 




uuuufl Kni #en vnmeoMce bytes i 


1 XSHLI ftO 


uowo * * rwi *™ w™*** signed bytes check overflow | 


IXSHI 1 IA 


uuuon i- wu iert immeoiate doublets 1 


IXSHI f IA ^ 


UuMuar ^ •rnmr jate signed doublets check overflow f 


IX. SHI 1 *7 


uvAWdr >mn ten immeotate quadfets | 




irossoar imrt ien immediate signed quaaiets check overflow | 


1 X SHI IA4 


JJOlluar S/Ml 9cfl fflwi>euiate octfets | 


1 y SHI 1 /-\ 


uossoar xmrt ien immediate signed octfets check overflow 8 


IXSHL 1 Pfl 


uoimw smn #en immeoiate hexlet | 


1 X SHI 1 1 7ft O 


*jo»uar mm pen immediate signed hexlet check overflow J 


Ixshl i u 7 n 


viwmm *oin Jen immediate unsigned pecks check overflow I 


1 XSHLI U 4 O 


WTOU * * nwi ,rTI •mmeaiate unvgned rvoo^s check overflow I 


1 XSHLI UflO 


uvuun *nm icii fmrnpcnate unsigned nytes check overflow | 


IX-SHLILIlAn 


UTOtw * nwi immeaiatr unsigned oouoiets check overflow | 


Ix_shl l(i 


awoar Snwr ^ "rimeaiate unsigned quaaiets check overflow | 


1 X.SHI 1 i J A4 n 


UTOKMr Jnwi m immeoiatr unsigned octfets check overflow 1 


lx SHI 11 j i?ftn 


UOUMr 5rwi ^ immediate unygned hexlet check overflow j 


1 X_SHR 1 ? 


uguodr ugnea smn ngnt immediate pecks 1 


IXSHRJ4 


uuuu * smu ngnc tmmediatr nibbles 1 


IXSHRIft 


uvijuiv ugnctj smn ngnt immediate bytes 1 




uoixw signeo snirt ngnt immediate doublets | 


IXSHPM? 


^ossuar signeo snirt ngnt immediate guadiets 1 


1 X SHP 1 A4 


irossoar signeo sniri right immediate octiets 1 


lYCHPl 1 7ft 


uouodf signeo mm ngnt immediate hexlet | 


IXSHRJIJ 7 


ugixw smn ngnt immeuiatr unsigned pecks 1 


IXSHRJU4 


uouDdr snirt ngnt immediate unsigned nibbles ] 


IXSHRJUft 


wvuuo *imi . .»jnr nnmnjidTr unsigned Dytes 1 


|XSHR.I.U.!6 


Crossbar shift right immediate unsigned doublets | 


1 XSHRJ.U.32 

1 V CU1D 1 1 1 £.4 


Crossbar shift right immediate unsigned quadlets | 


1 A.3T1K.I.U.64 
1 y cljp riTT5S 


Crossbar shift right immediate unsigned octiets 1 


1 A.3TH\4.U. 1 Zo 


Crossbar shift right immediate unsigned hexlet 1 






XCOPV 1 ( 


Crossbar copy ) 


X-twr j Crossbar no operation | 


XCO/Y rdfcrc 


XROTLI.I28 rd=rc.O 1 


XrVO/» 


<- X.COPY rO=rO | 
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XCOPY rtUrc 
XCOPY re^rc 
XROTU.Qsize rd=rc.t 



-shift 



XSHLLgsue.O nUrcO 


<=> 


ACCQPK «JWc 


XSHLLUgsuc O rdmrc.0 


c=> 


XCOPK rdbrc 


XSHRJ.gsae rd=rc.O 


<=> 


XCOPY rd rc 


XSHRJUgsue rd=rc.O 




XCOPY rd-trc 



Selection 



precis ion 


op 

COMPRESS.I COMPRESS.IU 
EXPAND! EXPAND.IU 


size 

2 4 8 16 32 64 128 


shift 
copy 


ROTLI ROTR.I ~~ 
SHLI SHLI.O SHLI.U.O 
SHR.I SHR.I.U 
COPY ~ 


2 4 8 16 32 64 128 " 



format 

Xop.size rdarcshift 
rd=xopsi2e(nc,shift) 



31 

I XSHIFTI 



24 23 



8 



rd 

6 



18 17 

zn 



rc 



12 II 



6 5 



t <- 256-2*syre*shift 
°Pi o t7 6 
simm «- ts o 



A I28 bit value is taken from the contents of register rc. The second operand is taken (nm 
»mm. The specified operation is performed, and the result is placed in register rd. 



/ 



def CrosstiarSrK>rtlmmediate(op.rd.rc.yrnm) 
case fop | jo 1 1 sktwtK of 

0. 127: 

sue <- 128 
128.191. 

mc «- 64 
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192 223: 

u/c «- 32 
224 239 

see - 16 
240 7*1 

size «- 8 
248.251: 

size *- 4 
252 253 

$J7C «- 2 

254 255 

raise Reserved Instruction 

endorse 

shift |opo i i simmj snd (size ) J 
c «- 3egRe*d|rc. 128} 
e<»se |op s 2 1 1 0 2 | of 
XCOMPRESSI 

hsize «- size/2 

for i <- 0 to 64-hsi/e by hsize 
if sh«ft < hsize then 

a i*hsue : i i *- c if shift*hsi/e- 1 wshift 

efse 

end* 
endfor 

*I27 64 0 
X COMPRESS I U: 
hsi/e si*e/2 

for i +- o to 64-hsi/e by nsize 
if shift < hsize then 

*r*hwe-l i *- c i»ff*shift*hi;2c- 1 wshrfr 

else 

endif 
endfor 

*I27 64 0 
X EXPAND I 

h$i/e n?e/2 

for i «- 0 to 64-hsi/e by hsi/c 
if shift's hwc then 

else 

er 1if 
endfor 

X EXPAND I U / 
hsi/e «~ w«y2 

for i «- 0 to 64-hu/e by hsi/c 
if shift < hn/r then 

*Wwe-l « - v^iff , , f ^ |i|/r ( ( , , 0 ih,ft 

e*se 
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end* 



endfor 
XSHLI: 

f or t «- 0 to 128-si/e by size 

endfor 

X.SKLI.O: 

for i 4- 0 to 1 28- we by we 

* CMi/e-l fwe-l-srtift * c^'i .^n then 
raise FuedPowit/Vrthmeoc 

end* 

endfor 

X.SHL.I.U.O: 

f or • «- 0 to I28size by size 

•f c»size-i r*size-s*ft * 0*** then 
raise FucedPomt/Vithmetic 

end* 

endfor 
XBOTfti 

for i 0 to 1 28 -size by size 

endfor 

X.SHRJ: 

f or • «- 0 to 1 28 -size by size 

*-yze-I i - -?jl5e.| I I <We-l M>sh(fr 
endfor 
X.SHR.IU: 

f o* i *- 0 to » 28 size by size 



endfor 

endcase 

ffegWritefrd. 128. a) 
enddef 

Exceptions 

I ixed pntnl amhmcnc 
Vr*er\ fti Instruction 



f*$ize-r f»snift 
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Crossbar Short Immediate fnplace 

These opefamms take operands from two registers and a short immediate value, perform 
operations on partitions of hits in the operands, and place the concatenated results in the 
second register. 



XSHLM.1.2 


Crossbar shift left merge immediate pecks 1 


XSHLM.1.4 




XSHLM.I8 


Crossbar shift left merge immediate bytes 


XSHLM.1.16 


Crossbar shift (eft merge immediate doublets 


XSHLM.1.32 


Crossbar shift left merge immediate quadlets 


XSHLM.1.64 


Crossbar shift left merge immediate octlets \ 


XSHLM.I.I28 


Crossbar shift left merge immediate hexlet 


XSHR.M.1.2 


Crossbar shift right merge immediate pecks 


XSHR.M.1.4 


Crossbar shift right merge immediate nibbles 


XSHRM.1.8 


Crossbar shift right merge immediate bvres 


XSHR.MI.I6 


Crossbar shift right merge immediate doublets 


XSHR.M.1.32 


Crossbar shift right merge immediate guadlets 


XSHR.M.1.64 f 


Crossbar shift right merge immediate octlets 


XSHRM.fi 28 





format 



Xopsize r<J@rc.shift 
rd=xops«e(rc4hiftJ 

,1! 24 23 18 17 U II 65 

I XSHIFTI I rd | rc I slmm I 

6 6 6 ' 6 L 

t «- 256-2-s«e+shift 
°Pi o «- t 7 6 
simm «- t 5 0 



IV. , I2K hit values arc taken from the contents of registers rd and rc. A third operand is 
taken fnim simm The specified operation is performed, and the result is placed in register 

ITiis instruction is undefined and causes a reserv ed instruction exception if the simm field is 
greater or equal to the size specified. 
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def OoB5arShortlmrned««npiac«^fd^$wn^ 
casr f°Pi o 1 1 omm| of 

0.127: 

sue «- 128 
128.191: 

ate <- 64 
192.223: 

we «- 32 
224.239 

we «- 16 
240.247: 

sue «- 8 
248-251 

sue «- 4 
252.253: 

sue *- 2 
254.255: 

raise Reservedlnstruction 

endcase 

snft «- fopo 1 1 smrnl and (sue- Ij 
c «- RegReadfrt. >28| 
d «- RegReadfrd. 128} 
for • *- 0 to 1 28- we by we 
case K>P5 2 • • 0*J of 
XSHRA41 

endcase 
endfor 

KegU/Htetrd. 128. a) 
erxkfcf 

Rnen etl Instruction 



/ 
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Crossbar Shuffle 

These operations take operands from two registers, perform operations on partition* of bits 
in the operands and place the concatenated results in a register. 



Operate!) ~rJ« 



XSHUFFLE.4 


Crossbar shuffle within pecks 


XSHUFFLE.8 


Crossbar shuffle within bytes 


XSHUFFLE. 1 A 


Crossbar shuffle within doublets 


XSHUFFLF.32 


Crossbar shuffle within quadlets 


XSHUFFLE.64 


Crossbar shuffle within octlets 


XSHUFFLE. 1 28 


Crossbar shuffle within hexlet 


XSHUFFLE.256 


Crossbar shuffle within triclet ~* 



Format 

XSHUFFLE.256 rd=rc.ro,v.w,h 
XSHUFFLEsize rd=rcb,v,w 

rd=x$huffle256(rcrt)xw,h) 
rd=x$hirfflesize(rcb.v # wj 

31 24 23 18 17 12 II 6 5 0 

I XSHUFFLE 1 rd | rc | rb ] op \ 

8 6 6 6 6 

rc 4- rb 4- rcb 
x«-kxj2(sizej 

y«-toQ2M 
*«-tog2(w) 

op <- |(x*x*x-3 # x # x-4 # xJ/6-|z # 2-2tr / 2+x*2^y) ♦ ($ize=256) # |h*32-56) 
Description 

One of rwo operations arc performed depending on whether the rc and rb fields are equal. 

If the rc and rb fields are equal, a 128 bit operand is taken from the contents of register rc. 
Items of size v are divided into w piles and shuffled together, within groups of aize hit*, 
according to the value of op. The result is placed in register rd. 

If the rc and rb fields arc not equal, the contents of registers rc and rb arc catenated into a / 
25o-hit operand. Items of size v arc divided into w piles and shuffled together, according to 
the value of op. Depending on the value of h, a sub field of op, the low 128 hits (h=0), or 
the high 128 b:ts (h=l) of the 256 hit shuffled contents are selected as the result. The result 
is placed in register rd. 
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This instruction is undefined and causes a reserved instruction exception if rc and rb are not 
equal and the op field is greater or equal to 56, or if rc and rb arc equal and op4..o is greater 
or equal to 28. 

A crossbar 4-way shuffle of bytes within hexkt instruction (X.SHUFFLE.128 rd=rcb,8,4) 
divides the 128-bit operand into 16 bytes and partitions the bytes 4 ways (indicated by 
varying shade in the diagram below). The 4 partitions are perfectly shuffled, producing a 
128-bit result 



its 



rcfcftMl 




4-way shuffle bytes within hextet 



A crossbar 4-way shuffle of bytes within triclct instruction (X.SIIUFFLE.256 rd=rc,rb,8,4,0) 
catenates the contents of rc and rb, then divides the 256-bit content into 32 bytes and 
partitions the bytes 4 ways (indicated by varying shade in the diagram below). The low-order 
halves of the 4 partitions are perfectly shuffled, producing a 128-bit result. 
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Changing the last immediate value h tn t (X5HUmP..256 rd=rc.rb.8.4,i) modifies the 
(gelation ti> perfiwm the same function cm the high order halves of the 4 partitions. 
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V( hen rc and fb are equal, the table below 
values for liic, and w. 



op 


size 


V 


w 


0 


4 


1 


2 


l 


8 


1 


2 


2 


8 


2 


2 


3 


8 


1 


4 


4 


16 


1 


2 


5 


16 


2 


2 


6 


16 


4 


2 


7 


16 


1 


4 


8 


16 


2 


4 


9 


16 


1 


8 


10 


32 


1 


2 


1 1 


32 


2 


2 


12 


32 


4 


2 


13 


32 


8 


2 


14 


32 


1 


4 


15 


32 


2 


4 


16 


32 


4 


4 


17 


32 


1 


8 


18 


32 


2 


8 


19 


32 


1 


16 


20 


64 


1 


2 


21 


64 


2 


2 


22 


64 


4 


2 


23 


64 


8 


2 


24 


64 


16 


2 


25 


64 


1 


4 


26 


64 


2 


4 


27 


64 


4 


4 



the value of the op field and associated 



op 


size 


V 


w 


28 


A A 

64 


A 

s 


At 

4 


29 


M A 

64 




8 


30 


a a 

64 


2 


8 


31 


M A 

64 


A 

4 


8 


32 


64 


a 
1 


a * 

16 


33 


64 


2 


a m 

16 


34 


64 


1 


32 


35 


128 


a 
1 


2 


36 


128 


«a 

2 


2 


37 


128 


4 


2 


38 


128 


8 


2 


39 


128 


16 


2 


40 


128 


32 




41 


128 


• 
1 


4 


42 


128 


2 


A 

4 


43 


128 


4 


4 


44 


• ^A 

128 


a 

8 


4 


45 


• **a 
128 


16 


A 

4 


46 


128 


a 
1 


o 
o 


47 


128 


2 


A 

o 


■to 


1 7ft 


4 


ft 


49 


128 


8 


8 


50 


128 


1 


16 


51 


128 


2 


16 


52 


128 


4 


16 


53 


128 


1 


32 


54 


128 


2 


32 


55 


128 


1 


64 



/ 
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Yfhcn rc tnd rb arc not c^ual the table beknv show* the value of the op4,.o field and 
associated values ft* aise % v, and w: Ops is the value of h, which controls whether the low- 
order or high-order half of each partition is shuffled into the result. 





size 


v 


w 


u 


7QA 
ZPO 


i 




1 
1 


7QA 
Z^O 


7 
Z 


z 


7 

z 


7QA 
Z>0 


A 


7 
z 




}QA 
ZDO 


O 

o 


z 


A 


^CA 


1 0 


7 
z 


5 


ZdO 


JZ 


7 
Z 


* 
6 


^CA 


AA 


7 
Z 


7 


256 


• 
1 




8 


256 


7 
2 




A 
T 


Z!>0 






10 


Z!>o 


Q 
O 




• « 
1 1 




f A 


A 


t 7 
12 


7CA 
256 


JZ 




i 7 


7CA 

256 


t 
1 


O 
O 


f ii 
1* 


Z56 


7 
Z 


c 
o 




Z!>0 


*r 


o 
o 


16 


7CA 

256 


Q 

0 


0 

o 


i 7 
1 / 


256 


1 A 
1 O 


Q 
O 


t o 
I o 


?CA 

Z!>0 


1 


1 A 
1 o 


f Q 
1 7 


^CA 
Z56 


7 
Z 


1 A 
1 O 


20 


256 


4 


16 


21 


256 


8 


16 


22 


256 


1 


32 


23 


256 


2 


32 


24 


256 


4 


32 


25 


256 


1 


64 


26 


256 


2 


64 


27 


256 


1 


128 



Pefioffipn 

def Crosst>arSnufrie(major.rd.rc.rt> < op) 
c «- RegReadfrc 126) 
6 4- RegRcad(rt), 128| 
rc=rt> then 
case op of 
0.55: 

for x «- 2 to 7; for y «- 0 to x-2. for / #- 1 to x-y-l 
if op = ffx*x*x3*x*x-4*xy6-(/ # /-/l/2*x # **y| then 
for i 4- 0 to 127 

end 

mdif 

endfor. endfor endfor 
56 63: 

raise Rescrvedlnstruction 
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endcase 

efsetf 

case op* o <* 

0.J7: 

cb 4- c 1 1 b 
x «- 8 
h ops 

for y 4- 0 to jc-2; tor i «- 1 to n-y-1 
* OP4.0 » ||171-* # jy2-e*y| then 
for t 4- h*128 to 127*hM28 

*-*M28 «- ct Vf-l y tl «.-! yi M iy , <rf 

end 

end/ 
endfo; endfor 
28 J I: 

raise Reservedinstruction 

endcase 

end* 

RegWhtefrd. 128. a) 
etirfdef 

Exceptions 

Reserved Instruction 
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Crossbar Swizzle 

These operations perform calculations with a general register value and immediate values, 
placing the mult in a general register. 

Operation cades 

I X SWIZZLE | Crossbar swizzle 1 



Format 

XSWIZZLE rd=rcicopy.iswap 
rd=xswizzle(rcxopy,iswap) 

31 26 2524 23 18 17 12 11 6 5 0 

| XSWIZZLE | jh | rd I rc I Icopya I Iswapa | 

6 ? 6 6 6 6 

kopya *- Kopys o 
tswapa «- tswaps o 
•h tcopy 6 1 1 iswap 6 



DgCQPfiQO 

The c« intents of register rc arc fetched, and 7-bit immediate values, icopy and iswap, arc 
constructed from the 2-bit ih field and from the 6-bit icopya and iswapa fields. ITic specified 
operation is performed on these operands. The result is placed into register rd. 

Definition 

def QtxjpSwurlHnvnediatefih.rd.rcxop/a.iswapa| as 
•copy «- ih| 1 1 »ropya 
rtwap *- iho II iswapa 
c RegReadfrc. I28| 
for i «- 0 to 127 

*t c (i & icopy) * rswap 
endfor 

RegWritejrd. 128. a| 
enddef 

Etterton} 

none / 
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Format 



op ra=rd.rc.rb 



ra=op(rd.rcrb) 



24 23 



18 17 



12 II 



6 S 




I OP 




rc 



I rb | 



6 



6 



Description 

The contents of registers rd, rc, and rb are fetched. The specified operation is performed on 
these operands. The result is placed into register ra. 

Definition 

def CrossbarTemaryfop.rd.rc.rb.ra) as 
d *- RegRead(rd. 128} 
c ♦- RegRead(rc. I?8| 
b «- RegReadfrb. 128) 
dc «- d 1 1 c 
for i «- 0 to 15 

J *~ &B**-* 8*i 

«8V7 8*i ♦- <*8>7 8*j 
endfor 

RegWntefra. 128. a) 
enddef 



Exceptions 
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Ensemble 

These operations take operands fn>m two registers, perform operations on partitions of bits 
in the operands, and place the concatenated results in a third register. 



Portion 



F.CON.8 


Ensemble convolve signed bytes 


V.ON. 1 6 


Ensemble convolve signed doublets 


E.CON32 


Ensemble convolve signed quadlets 


E.CON.64 


Ensemble convolve signed octets 


E.CON C 8 


Ensemble convolve complex b^tes 


E.CON.CI6 


Ensemble convolve complex doublets 


E.CON.C32 


Ensemble convolve complex quadlets 


E.CON.M.8 


Ensemble convolve mixed-signed bytes 


E.CON m. 1 6 


Ensemble convolve mixed-signed doublets 


c.CON.M.32 


Ensemble convolve mixed-signed quadlets ] 


c.CONJW.64 


Ensemble convolve mixed-signed octets 


t.LON.U.o 


Ensemble convolve unsigned bytes 


c.CON.U. 1 6 


Ensemble convolve unsigned doublets 


E.CON.UJ2 


Ensemble convolve unsigned quadlets ~| 




Ensemble convolve unsigned octets 


fc.LllV.o4 


Ensemble divide signed octets 


fc.Uiv.U.64 


Ensemble divide unsigned octets 


r |ii ii a 


Ensemble multiply signed bytes 


emu ii. 


Ensemble multiply signed doublets 


fc.MUL.J/ 


Ensemble muttipfy signed quadlets 


C.MUL64 


Ensemble multiply signed octets 


r 111 II CI 14 M c% 


Ensemble muttipfy sum signed bytes 


C.MUL5UM. 16 


Ensemble muttipfy sum signed doublets 


r m H ct in 


Ensemble muttipfy sum signed quadlets 


E.MULSUM.64 


Ensemble muttipfy sum signed octets 


t? Ill II ^ A 

E.MULC8 


Ensemble complex multiply bytes 


* |H ii f % £ 

EJMULC. 1 6 


Ensemble complex multiply doublets 


EJWJLC 32 


Ensemble comofex mufaofv atxarilpt * 


E.MULM.8 


Ensemble multiply mixed-signed bytes | 


E.MULM. 1 6 


Ensemble multiply mixed-signed doublets I 


E.MULM.32 


Ensemble multiply mixed-signed quadlets \ 


EAfULM.64 


Ensemble muttipfy mixed-signed octets 


E.MULP.8 


Ensemble muttipfy polynomial bytes 


E.MULP.I6 


Ensemble multiply polynomial doublets 


E.MULP.32 


Ensemble multiply polynomial quadlets j 


E.MULP.64 


Ensemble muttipfy polynomial octets ™~ 


E.MULSUM.C.8 


Ensemble muttipfy sum complex bytes 


E.MUL.SUM.C. 1 6 


Ensemble multiply sum complex doublets * 


E.MULSUM.C.32 


Ensemble multiply sum complex quadlets "™f 
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E.MULSUM.M.8 




_ | f»a aft ft A A • £ 

E.MULSUM.M. 1 6 


tnmmhle mutootv sum mUed-stoned doublets 


»*M«a **ttftftftft^^ 

E.MULSUM.M3Z 


Fnvmh^ muftiDtv sum mixed- signed cuadfets 


E.MULSUM.M.64 


PrKPmN# muttioJv sum mixed-stoned octtets 


E.MULSUM.U.8 


PncAmhip muftioh/ sum unstooed bytes 


EMULSUMU.16 


tntMT^ mtrftiafv sum unskmed doublets 


E.MULSUM.U32 




E.MULSUM.U-64 


Ensemble multiply sum unsigned octtets 


E.MULU.8 


Ensemble multiply unsigned bytes 


EMULU.16 


Ensemble multiply unsigned doublets 


E.MULU.32 


Ensemble multiply unsigned guadlets 


E.MULU.64 , 


Ensemble multiply unsigned octtets 



Sexton 





°P 


type 


size 


multiply 


E.MUL 


noneM U P 


8 16 32 64 


C 


8 16 32 


multiply sum 


EJWJLSUM 


NONF M U 


8 16 32 64 


C 


8 IS 32 




E.CHV 


NONtU 


64 



Format 

E op.size rd=rcrb 
rd=eopsize(rcrb) 

31 24 23 18 »7 12 II 6 5 0 

1 E.sl»e I rd I rc I fb 1 op J 

' 8 6 * 1 6 



Drerhotion 

Two values arr taken from the contents of registers rc and rb. The specified operation is 
performed, and the result is placed in register rd. 



ggfljmres 



def mu#iy/e.h.vs.v.i.wvwj) as 
enddef 

def c 4- PoiyMu*tiplyt$tfe.a.b| as 
p|0| 4- O 2 **** 
for k 4- 0 to 9/e-l 

p|fc«l| - p|k| • a, 7 (0** k I I b I I 0*| : 0* » w 
endfor 
c 4- p|»ze| 
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del E m etni>ie|o^>iiewlfcrtit 
c Regtoadpc. 128) 
b t- Re gfi e a dt rt x 128) 

XwU E-MULC; EMULSUM. E.MULSUM.C E.COM E.CON.C EDM 

cs «- bs «- • 
EJYWU*. EMULSUMM E CONAI: 

cs «- 0 

EJ^uTeKWL5UMU E.CON.U E.OV.U. E.MULP: 
cs «- bs «- 0 

endcase 
case op of 

E.MUL E.MULU. E.MULM: 

for i f- 0 to 64-size lay we 

dr|iniie»-l -2^ mu|M«:2*»ie.cici.bsWl 
endtar 
EAULP: 

for • «- 0 to 64-we by sire 

<*2-|MHM.-2"i «~ Po<yMult^$i2eXsi2e-lH >^>s^l^ 
endtar 
E.MULC: 

for i «- 0 to 64-we by sire 
if (i and size) « 0 then 

p «- mul($ize.2*$ize.!.U1.b.«J • mul(size.2*$i?eJ.c.H$i2e.1.tXK«2c» 

else 

p mU(we,2*$izeJ.cU.b>$tfe| ♦ mulfsize.2'sizeJxU,b>s»ze| 

end* 

dni^mf-i ri «- P 
endtar 

E.MULSUM. E.MULSUMU. E MULSUMM: 
pfO) «- 0 ,2 « 

for • 0 to 128-size by size 

p|KSize) «- p(i| ♦ resize. 128.cs.ci,bs.b,i| 
endtar 
a 4- pf 128) 
E.MULSUM.C: 

p|0) 0 64 
p|size| «- 0* 4 

for i 4- 0 to 128 we by size 
if (i and size) * 0 then 

pfH2*size| «- pfi| ♦ mul|size.64.!.c.U.b.i) 

• mul(size.64.!.CH$ize.!.b>size| 

else 

pjt*2*»re| «- pfi| ♦ mul|size.64.!xi.l.b.HSize| 

♦ mul(size.^4 # l.c,KSize.l.b.iJ 

endif 
endtar 

a *~ p|!28*size| II p|128| 
E.CON. E.CON.U E.CONM 
p(0| 0^8 

f or j +- 0 to 64-size by size 
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for i ^ 0 to Maze by size 

mul|we.2^a2e.ciCH64^bU3j 

endfor 
endfor 

a*-p|641 

£ CON.C: 

p(0| «- 0 ,M 

for j 0 to 64 we by size 

for i 4- 0 to 64 -size by size 

4 and j and size) » 0 then 

p(T»«l?TK*iz«H z-i «- P0lz*|Wzet-« 4 
mul(size.2 # sizejx^4-jj Al 

else 

mu^size.2 # size. 1 ,ck64 p 2 'size. 1 Al 

erxJif 
endfor 
endfor 
a «- p»64J 

£J»V: 

if (b : - 0| or | (c » |1 ! 1 0^ 3 |J and |b « I 64 ) ) then 
a «- undefined 

else 

q c / b 

r «- c - q*b 

^ '63 0 1 1 363 0 

end* 
EIW.U: 

if t> = 0 then 

a undefined 

else 

q 4- (0 II c| / (0 II b) 
r *- c * |0 1 1 qr(0 1 1 b| 
a r 63 o 1 1 <l63 0 

endff 

endcase 

Reg\vnte<rd. 128. a) 
enddef 



/ 
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Ensemble Convolve Extract Immediate 

These instniCtHKis take an address tn*n a general register to fetch t lar^c operand from 
memory, a second operand fn*n a general register, perform a group of operations on 
partitions r.f bits in the operands, and catenate the results together, placing the result in a 
general register . 



Operation code* 



P ton y i r p r n 




r tinned 


r ample* bytcn c»g endwvi cnxna 


F COMXIf APR 




p wrwi 


(Oniplcx Oytm fix) endwvi *toor 


FCONXif ft NB 






c crnpici byte% tog eoxfcan nearest 


E CONXI c B 


(memoir conw 


attract 


r ugned 


comp*r-K Dym t>g rndian mo j 


E CONXI C 16 CB 




extract iiwKdHl 


^ fxjnod 


cnm^jtei do»OX-n txg endun ceAng 


E CONXI C 16 FB 








complei douoirti t*q endwn floor 


E CONXI C 16 NB 


I memoir ctvwc 


extract mmrtjMfr txjnc^J 


complex doUtfen tkg md^n nc<vru 


E CONXI C 16 ZB 


(nvtnfilp cwvm 


extract «nm*Mi 


■ ixjned 


rompJei doubttn bx^ moW» /rro 


E CONXI C 32 C B 


bniemOXP COfMC 


extract tfiwcaAi 


r «gr 


rampm quadM ox^mrWi rexmg 


E CONXI C 32 F B 


Emi'mole com< 


extract wwMi 


r «9ned 


complex quaolcti 09 rndwm fioc* 


E CONXI C32 N B 


Emeratoe ccwwc 


cwan •wietajGi 


* vgnrd 


cnmp*n qu»nets oxj endwin nrarrit 


E C ONXI C 32 Z B 




inr extract »rwi»cdWii 


■ ttgnrd 


camptrx qaMacn bx^mdwvi ^ro 


E CONXI C 64 CB 


ton nx^a* env^c 


extract irtncd^i 




complex ocifcfi o>q ^ndwm cex*rvj 


E CONXI C 64 F B 


COMfflMr (OHM 


fill act fftvncduvi 


* signed 


comotr* ocOrn cmq endmn floor 


ECONXI C 64 N B 


frfwmox? eonw 


M? extract •nfix^dwti 


• vgned 


complex ocoeft Org rndwin rxwctf 


E.CONXI C64ZB 


Ememoir conra 


Mr cxvact tfwnctaafe tiQix^d 


compm octM big endian zero 


£ CONXI C 8 CJL 


(ficnttlt con^j 


extract viviwaMi 


- ugned 


complex bytn ktat endum ce*ng 


E CONXI C 8 FX 


(fHCTntXr CGfVMi 


exttact tfiviicijMff 


ugned 


complex oym Mtfr enda^n floor 


E CONXI C8NL 


C memoir cor*0c*\^ extract xnmwfcMr 


vqned 


complex bytci xmc endtan nrarnr 


E CONXI C B7 1 


EmrrwDx; rom5D#vr extract wmcdtw vgned 


romplex oytn uroe enovn zero 


E CONXI C 16 ri 


fcmrmOif convolve extract mxnrdwee 


vgnrd 


compv- Joubtrn *ntr tntUm cc+nq 


E CONXI C 16 FL 1 




extrart mnrthMc ugprd 


.omp*r« douolm MOr mdwm floor 


E CONXI C I 6 N 1 


tmcmoir ccmvolwr rxtrarr mmrtMr 




rompira doutxn. MOe enduwi new*? 


E:CONXI.CI6.Z.L 


Emcmtjfr convolve exoart «rvnr<Mr 


^gned < 


tampki <*x**t\ mop rndwm mo 


ECONXI C32.CL 


H"*vmoir convu 


w extract tfrvrx^mve 


ix^nrd < 


rompm qu«Srn Mr endwm erring 


E.CONXI.C.32.F.L 




w extrari #rxTv*diate 


ugncd < 


'omp*rK quMSrft ixttr md»an floor 


E.CONXI.C.32.N.L 


tnumtotc cm*x 


extrart «nmedu«e ugnets < 


ompiex Qu^akn MOe mdwvi nrvxrti 


E.CONXI.C.32.Z.L 


rmrmoir convorvr rxoart mmnMr 


«9ned < 


ompirx quMSen MTtr rndwm mo 


E.CONXI.C.64.C1 


fnwmoif rQTMi 


w rxtrarT rfvviMiAh£c vQned < 


ompm orom Mtfr rndwm enfang 


E.CONXI.C645.L 


rwnrtr fOfMV/r mrjrf trvnnMr 


vgnrd < 


ompirx nrorn Mtx- rndwm floor 


E.CONXI.C.64.N.L 


bwnMr renvoi 


evtrAt tfwvmftate 


vgnrd c 


ompirx orom MOr rndwm nrjrrtt 


E.CONX. C.64.2.L 


(memoir convd 


^ rxiraff viviKftlMtfe 


«gnrd c 


omplrt orom MOr rndwm mo y 


E CONXI.8.C 8 


Hvn«e ronvorvc oco*rt rrrtMr 


tgnrd f 


Mm txg rndwm rrtfmg 


E.CONXI.8.F.B 


frnVmOiT* f OfMli 


extrart tfrvrx^ajxe 


ixjnrd t*g endawi floor 


E.CONXI.8.N.B 




mt extrart xwnecaw 


wjnrrt t 


>ytrt big rndwm nrarru 


E.CONXI.8.Z.B 


f-mrtnrtr roo%c*vt- rvtr^rt fnmnMr 


txjnrtl Dyfri dkj endwm /rrr> 


E CONXI I6.C B 




*r rxtrjvt <nmrdi*f 


ugnrd doUslrti C»g rndwm rrtfjng 
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E.CONXLI6.F.B 


f rneme*r convolve cxtrxt xivneefcate signed drxxxen txg enrfcan floor 


E.CONXI.I6.N.B 


fmnnttr convolve crtr^rf •n^cdwte signed doijttfen t^mckn nowetf 


E.CONXI.I6.Z.B 


EowtnMr convofvr extract xnmetMe wgned drx£»rn bx}-endun mo 


E.CONXIJ2.CB 


fcmemoir convoy extract «rrmM( waned quad*** bxj endwn cetng 


E.CONXI.32.F.B 


Ememblr convolve extract ffnmcdMtr wgned quMM brj endwri fVoor 


E.CONXL32.N.B 


fmemitfe convolve exyjrt «mmMr wgned quaoien t*g cndMn neire* 


E.CONXI32.Z.B 


fcntevme convolve ejsr.vt ffrvnedywe vgn^d QtmJtti bx^-endi-an tcto 


E.CONXI.64.C.B 


Emrmue convolve extract nrwtMr wgned exuts bxj erxfcan ceixig 


E.CONXI.64.F.B 


fmrmMr convolve extract iwnwk^f waned nroet\ bxj endian floor 


E.CONXI.64.N.B 


rmemfxe ronvo^r extrart nwMt wgnen xbi.;i tag «rv. xi nearev 


E.CONXI.64.2.B 


tmrmoir convolve extrart *nmedMee wc/~xj ocorr. b»g rrvt*» -Wo 


E.CONXI.8.C.L 


tmemcxr convolve cxtrait nmecktr waned byte* Uttr endian erring 


E.CONX1.8.F.L 


fmemnJc convolve rxtrar? xrvrwiat'- w^ nyr-i uroc enuMn floor 


E.CONX1.8.N.L 


fnwor rnnvorve extrart rnmnk.? <»gned bytei UCOr ervfc^n .learnt 


E.CONXI.8.2.L 


f memoir convolve extract vnmeixatr waned bytn icoe enduo mo 


ECONXI.I6.C.L 


Ememfxe convolve nrtract xnmetfeate >yned cJOLiC-Xen woe endian ce*ng 


E.CONXI.I6.F.L 


E memoir convolve extract nmnMr waned douoten fcrtc endwn floor 


E.CONXI.I6.NL 


Ememor convolve extran r,vnea*we w^ned doubteri woe erxhan neamt 


E.CONXI.16.Z.L 


£ memoir convolve extrar? tfvvwtt-ave wgned drxrf-iicn XcOe-^ rw Nan zero 


t.CON X.I.32.C.L 


£ memoir convolve extract mrnnMr waned quMftcts Mtfc e-.aan ce*ng 


E.CONX..32.F.L 


(menwue convolve extract .mmcutare wgned quKfteft wot ^ndun floor 


E.CONXI.32.N.L 


fmemoie convolve extract fnm«Mc wgned quad*** WOr r*vjwm ncwretr 


E.CONXI.32.Z.L 


tmcmoic forwoive extract «wwMe waned q^tdK-n Hire endkan mo 


E.CONXI.64.C.L 


tmemeie convo#vr nrtran iwtMf waned arom WOr rrw<n ccAnq 


E.CONXI.64.F.L 


fmemoie ronvolve estran tfrwnrckwe waned oi Octi WOe- -ndVn floor 


E.CONXI.64.N.L 


(memoie convoe/e e«tran nmrdwff waned -xUen tree endun ne«r« 


E.CONXI.64.Z.L 


fmemoie convolve e«r«vt nmcdhff tgned or Oct \ WOe endwm mo 


E.CONXI.M.8.C.B 


Fmemoie corvrtve extract mmea>are rmccd wgned oyx« txq mcWw. ce^ng 


ECON_X.IM8.FB 


tmrmoir convolve cttta . •wtw mwed waned D-tM t>g end*.vi floor 


E.CONX I.M.8.N.B 


f memoir ronvorve exrrarr *nr?>eav*r muicd wgned 5ytc-i t»g ma«an nearev 


E.CONXI.M.8.2.B 


f memoir convolve extracr r.^nediare mued wgned Oytn r*g erwan mo 


E.CONXIMI6.C.B 


f memoir convolve e«wari ^nmroate rmxed wgned Oour*cft big endwm ce«ng 


E.CONXI.M.I6.F.B 


t memoir convolve extrari xnmcdiafr mued wgned douDtets teg^roan floor 


E.CONXI.M.16.N.8 


fmemoie ronvoive exvaci cnmcdMlr mued wgnixl dcx«*rti big endiao ne^r« 


LCONXIM16.2.B 


rmernor convolve extract nnotkfr mued wgned douOien t»g endwm mo 


E.CCN X.I.M.32.C.B 


fnvfTttr (orvmvr etrxt tfnmediare muted wgned guadrti bjg endian cr«Wxj 


E.CONXLM.32.F.B 


tmrnw convolvr extract xnmcdwxe muied wgned quaoVtt Og endwn floor 


E.CONXI.M.32.N.B 


fmemoie convolve extract ^mediate mued wgned quadfcn t>g endian nearer 


E.CONJC.I.M.32.Z.B 


trnemoir convolve exvact rnmeck^rr mued wgned quaoien teg erxfcan mo 


E.CONXI.M.64.C.B 


f memoir convolvr nctiart rfnnwtt mued wgned ocom bag endwvi coJng 


E.CONXIM64.F.B 


fmemoie convolve extract rrvnediare mixed wgned ocOrti Ng enrtun floor 


E.CONXI.M.64.N.B 


fmemoir ennvofve extract *nmed*are mixed- wgned orOcYi bx; endwin ne«r^%t 


E.CONXI.M.64.Z.B 


fmembir convolve extract xrmediate mrxed wgned ocoen bx) endian mo 


E.CONXI.M.8.C.L 


t memoir <onvorve rxtracr rnmc<k«r mued wgned byfe^ imr ervkan ceAng 


E.CONXI.M.8.F.L 


tr*«emole convolve extract mmrdi.^r n^xed wgnra byfr vnie-endwri floor 


E.CONXI.M.8.N.L 


F memoir convolve extract xnmediate murd wgned byte* ktor-endwm nearett 
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E CONX 1 M 8 Z L 


t-mrmoir fnrvnfvr rtn.xt immrrtwfr murfl \m/ic(1 OyTm fcmr mrk.vi /rro 


E CON.X 1 M 16 C.L 


tn\rmtw cno>:rfvr r^n.vt immcrt*.Wr murd ugncvi rir»ih#n\ kfttr rrwfc,w t mmq 


ECONXIM 16F.L 


^^\mr»^ convi^r r^fr.vt *nmdltj*c mar d \tqpcci oout*ct\ unr mown ftnm 


E CON X I M 16 N L 


fmrmf* ronvmvr tufrjif t mmrtMr mucd dnuhim UftJr cnowm nc^rrtt 


E CON X 1 M 1 6 Z L 




ECON.XIM32CL 


tmrmfur convnivr mtr.vt tfnmrdi.*r murrt Mgnrd oii^cfM^ Irtrtr rr*te*n c r*ng 


ECON-XIM32FL 


(mrm.^r convn^vr rxtrxt flwnrrMr morrt t*gnr<1 ouAHftt fcfttr motto ftoor 


ECON-XIM32NL 


^mcmw^ roovrtfvr cxTT»xr *nmcOfc»c maro vigi^ qu^cMm Irfttr mOMn nr.^cu 


F CON X 1 M 3> Z L 


^^^^lnrl•r ror»v«#vr rxrrxt rnvnatulc marO vonrO quwtfm KrK mO*n /rro 


F CGNJC 1 M 64 C L 


J-nvfTVur . h cvrrjvl imfmxk^r mcRrO MgnrO nrfl^t^ mtr roOfcm rrtirvj 


F CONX 1 MA4FI 


^\mrtr rnovofvr orr.vr wmaMr murrt vonocJ orrtm iirrtr mOtwi ftrxv 


F CON XIMMNL 


fmmvw 'Ofvrrfvr nrr.Yt immcclwwc m«rO vonrd or Dm umr mdt*o nrj»f\i 


F TON X 1 M fS4 7 L 


hn^mr* ,^vo#vr nn.vf #nmcO*.^rr mmrO vgnrd ocflm urrtr rooi^o /no 


F TON X II i ft C R 


frntrmwr io#*vrwvr nfr.vt mrnott^c i^maoco Dyrr\ fwj mowto cr*kr\) 


croN X It J ft F R 


huw foovnivr cifr.wr tfnmoawwr unvjoctf Dytr^ Og m<fcwi floor 


F CON X IU8NQ 


tr*mptc 'Oi^orvr ntr.vf wvvMf uovigocd byttn Umj mowtn rr^ 


F CON.X 1 U 16 C B 


fn\rmwr roovorVT riff^r! immrdwtf uougord Oou«m 0»g crwlrtn f r*og 


F CONX 1 U 1 6 F B 


frmrfnn*- ronvorvr rxtr<vt *nmrOi^r uovtjorO rtouh*m rorti^o flm# 


F CONJC 1 U 1 6 N B 


f n\rm&r ronvoNr ciTr^r t #nmcdi«*r uowgnrrt OnuMcft t*q rrvU^n nc.wnr 


F CON.X 1 U 32 C B 


^n\rmoir rrovnfvr nfr.vf immrdwwf urmgood ojti^dim t*g, cnOtwi rr*rvj 


ECON.XIU32FB 


t-nvmOH- roovorvr rrTT^rr immrO^tc tnwjood f|UrVl*m hK| mdi^o floor 


E CON-X 1 U 32 N B 


fmmOr ronvorvr rrtr.vt immc-<tiMr umigord ou^OW. Dig rnOt^n ncstru 


E CON J( 1 U 64 C B 


emrmttr roovoivr ntrjrf *nmrO*^rr tnugorO ortim oq rrvlwrt rotov} 


E CON-X ; U 64 F B 


rnw-mo*- roovoivr nfr^rf immcovrr uoMgood orrim o»q rnOwm flooi 


E CONJ( 1 U 64 N B 


f-nvrnwr ronvorvr r»rr^rf rWfktr un^onrO or rim big mrti.in nr.vr^t 


E CONJ< IU8CL 


^vtror ronvorvr r«rr.vl irrk-irdfaTCC LT»%jgorO nyt« litllr rnoum rrthng 


F CON-X IU8FL 


r o%rtT«r roovoivr ratrvrt immrtk^f un« fjord nytr^ irftir roowvi floor 


ECONJ(IU8 NL 


fnvmNr ronvorvr nfr-vf immnrli^fr uncord byt^ lrfTJr roOMn or.ifr -.f 


F CON X 1 U 16 C L 


rnvfntM* ronvr«vr* r«rr«vf immrO***r ijnvgnrO c,rniturt\ time rnrtum ( m»ng 


F CONJ< 1 U 16 F L 


►nv-rtVTir rnr»vofvr rutf.xf immrrti^r unM^nrd douOim JfTDr rodtvi floor 


F CONJ( 1 U 1 6 N L 


fmmvxr ronvorvr r«tr«vt mvnrHtMr urnqnai dmio*rf\ liTOr mrt*.m nr.vmf 


F CON X 1 U 32 C L 


fnvfnrtf rorrv^Vvr mtr.> 1 rnmrd*.-wr uovgnrO r>tv1lrr^ l^rtlr rndwo r riling 


£ CONXI U.32 F.L 


fnvrmwr ron>**vr rttrj** mmr^utr unuqnrxl f^Mttrl\ untr mown flonr 


ECONXI.U.32.N.L 


rovr^oir ror^vrirvr rjrfr«vt ^nmrvl^r ijn\ignrO qu.x!*rr^ imir rtxli-m nr,»nl 


ECONXIU64.C.L 


rntmvuc ronvorvr r»rr.vt *nmrO*^rr 1 jn\jgnrO or nm limr rnOwm trthng 


E.CONXI.U.64.F.L 


r nv^iftr *• r^>vof vr r«Tr.v I mwm^rtwifr un\igorO or «rt^ kmr rooXvi floor 


E CONXI U 64 N L 


rnv^nmr rorTvrrfvr rirr^r! jrnrr>rYt».«rr (J r ^nrvj orflrt\ HfTlr rnOi<*n rr.wnl 



/ 



Microl nity 



Zeus System Architecture 



Tuc, Aug P, 1999 Instruction Set 

I In tumble Convolve 1 .1 tract Immediate 



Format 

E.op.sizc.rnd rd®rcrb,i 

rd=cop$izcfnd(rd.rcrb.i) 

31 24 23 18 17 12 H 6 S 4 3 2 1 0 

1 E.op 1 rd I rc I rb I si Irnfl sh 1 

8 6 6 6 2 2 2 

sz «~ log(size) - 3 

$h t- size ♦ 7 - log(size) - i 

'lhc contents of register* rd and rc are catenated, as specified by the order parameter, and 
used as a first value. A second value is the contents of register rb. l*hc values arc partitioned 
in* > groups of operands of the si/c specified and arc convolved, producing a group of 
values l v e gn*ip of values is rounded, and limited as specified, yielding a group of results 
which is the si/e specified. The group of results is catenated and placed in register rd. 

/. >ero; nuindmg is not defined for unsigned extract operations, and a RcscrvciIlnstTucrion 
exception is raised if attempted. F (floor) rounding will properly round unsigned results 
d« iwnuard. 

The order parameter of the instruction specifies the order in which the contents of registers 
rd and rc are catenated. The choice is significant because the contents of register rd is 
overwritten W hen little endi an order is specified, the contents are catenated so that the 
contents of register rc is most significant flefti and the contents of register rd is least 
significant (right). When big endian order is specified, the con:ents are catenated so rhat the 
contents of register rd is most Mgnificant (left) and the contents of register rc is least 
significant (nght). 
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An en5emhle*cimvc>lve-cxtTact-immcdiatc-d«Hiblet5 instruction (RCON.X.1 1 6, 
ECON.X.1M16, or RCON.X.IUI6) convolves vector |xwvursrqponmlkji) with 
vector |h u f c d c b «|, yielding the products |ax+bw+cv+du+ct+fs+p+htj ... 
as+br+cq+dp+co+fh+gm+hl ar+bq+cp+do+cn+frn+gl+hk 
aq+rjp+co+dn+cm+fl+gk+hj) % rounded and limited as specified: 




2525252 



WBmaL 

Ensemble convolve extract immediate doublets 
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llntembie Convolve I v* tract Immrdbatc 



An ensemble convolve extract immediate -complex-doublets instruction (ECON.X.1C16) 
convolves vector |x w v u t s r q p o n m I k j i] with vector (h r f c d c b a|, yielding the 
pnxiucts |ax*bw+cv+du+et+fs+Rr+hq ... as-bt+cq-dr+co-fp+Km-hn 

ar+b<|+cp+do+cn- fro+gf+hk aqbr+eo-dp+em-fh+Kk+hl|, n>unded and limited as 
specified 




119 



Ensemble convolve extract immediate complex doublets 



Definition 

def mul|we.h.wv.i.ws,wj) as 
enddef 

def £nsemb^onvo^e£xtr^tlmme^i^e(op.rnd.gwe/d/CTb.sh| 
d «- RcgReadfrd. 128) 
c RegReadfrd. 128) 
b «- RegReadfrD. I28| 
Jgsi/e *og(gsizeJ 
wwe «- 128 
mwe 4- 256 
vwe «- 129 
case op of 

E.CONXI.a E.CONXI.U.B. F.CONXIM.8. E.CONXi.C 8: 
m «— d II c 

E.CONXI L ECONXI.UL £ CON X.I.M.L E.CONXI.C.L 
m «— c II d 

endcase 
case op of 

E.CONXI.U.B. E.CONXI.UL: 
as +- ms *- bi *- false 

E.CONXI.M.B. E.CONXI.M1: 
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ms «- false 

as bs «- true 

E.CONXIA E.CONXI.L E.CONXLCJL E.CONXI.C.L: 
as «- ms bs true 

endcase 

h +- U'gstfef ♦ 7 - Jgsue 
r «- h • sue - sh 
tor i 0 to wsue-gsiie by gstit 
qfOf «~ 0**9«e-7-lgsi* 

for j 0 to vsize-ga/e by gaze 
case op of 

E CONXI a E.CONXI.L E.CONXI.M.B. E.CONXUMLL 
E CONXI.ua E.CONXI.U.L 

qt*gsize| «- q(j| ♦ mu1fgstfeAmin\M28-Lbs.bjl 
ECONXI.CB. E.CONXI.C.L: 

if (*4 & j & gsi*e = 0 then 

q(rgsue) 4- q(/j ♦ mul|gsize.h.mim.Kl28 j.bs.bjl 

efse 

qU+guzei «- q(/J - mul(gsi2e.h.ms.m # Kl28->2*gsize,bs.b.i) 
endif * 

endcase 
endfor 

p «- qfvsi/ej 
case md of 



none. 


N; 






s 


f- 




• • 'Pr • • pf*' 


Z 








s 

F 


«— 




'» 


s 


4— 


0* 




C: 








S 




Qh-r 


II 1' 


endcase 









v «- ({as & Ph.,jl tp| ♦ (01 Is) 
' r*gwe = (as & v^e.,)^ 1 ^ then 
a gvze-!-i i «- v gsi7e-l*f.r 

efse 

4gwe-l«i.i as ? (Vh I I -vfl*" 1 ) : |9*» 



end if 
endfor 

^127 wwe «- 0 
RegWntefrd. 128. aj 
enddef 

Exceptions 

none 
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Ensemble Convoh/e floating-point 

l-hese instrucnons take an address from a KeneraJ raster to : c tJi a bnx operand frt*n 
memory, . *co,nd operand from a RcncraJ register, pcrtnrm a poup of operations on 
partition., of h,t> in the operands, and catenate the results together, placing the result in a 
^rtieraJ rcpster . 

Qr+.aiion codes 



E CON.F.16B 
E.CCN.FJ61 



Ensemble convo^g floating-point naff biy>end*an 



ECON^32B 
E.CON.F.321 



Enser*tf*e convolve floating-point half JftFe-cndian 



Ensemble convolve fW>at>ng-point single big-endian 



E.CON.F64B 



Ensemble convolve ^oaring -point sjogie hffle erxton 



ECONF641 



Ensemble convolve floating-point <k>ub* big-endian 



E.CQN.C F I6.B 



Ensemble convolve floating-point double ?*trte-end*an 



E.CQN.CF .161 



Ensemble convolve complex floating -point half big-endian 



E.CQNCF.32B 



ECQN.CF32L 



E CON.C F 64 B 
j E.COMC F.64 1 



Ensemt^ convolve complex floating-point hatf itTJc-encian 



Ensemble convolve 



Ensemble convolve 



Ensemble 
fnsemble 



complex floating-point single big-endian 
complex floating-point single mrte-erxKan 



convolve complex floating-point double c*g-eoaian 



convolve complex floating-point double little-endian 



Format 

E opsizc order 



rd=rc.rt> 



r d-eop$!7eorder(rd.rc.rb) 
2! 



E size 



T 



1817 



rd 



rc 



8 



»2M 6S 0 

I *"b | op.order 1 



DiiCripripn 

IT* f.rst value :s .he catcnan«.n of the contents of rcpstcr rd and rc. a* specified bv the 
..rdcr parameter A ucond value is the contents of register rb. The values are parononcd 
into KT „ups of ,. fx rands „t the si/e spec.fied. The second values arc mulnplicd with the fmt 
va.ucs. then summed, product^ a p«»up of result values. *i"he ^roup of result values ,s 
catenated and plated in register rd. 
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An enscmhle<imvi4\x-fl<iatin(»-pc>int-half-littlc-cndian instruction (FXON.F.16.L) 
convolves vector |x w v u t s r q p u n m ! k j i] with vector (h r f c d c b a], yielding the 
products |ax+bw^cv+du+ct+fs+gr+hq . . . as+br+cq+dp+co+fh+gm+hl 
ai^^+cp+do+en+fm+gl+hk aq+bp+co+dn+cm+fl+gk+hj|: 




Ensemble convolve floating-point half little-endian 



/ 
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Ensemble Convolve Hotong pont 



A ememblc<xmvoKx<omplex-floaan^poim-ha^^^ instruction 

(E.CON.C.F.1&L) convolves vector |xwvutsrqponmlkjiJ with vector fh % f e d c b 
aj, yielding the pnxiucts fax+bw+cv+du+ct+ft+gr+hq ... as-bt+cq-dr+co-fj>+gm-hn 
ar+bq+cp+do+cn+ftn+Rl+hk aq-br+co-dp+etn-fh+gk+hll: 



m rcllrtf (2 Ml 




Ensemble convolve complex floating-point half little-endian 



Definitior. 

def mu#(y7e.v.i.wj) as 

roul *- fmul|F|size.v M e-|+ l J.Flwe.Wy^,^ yj 
enddef 

def EnsefnbleCo^vo^^•o^6^gPolnt|op.9Sl^eTdTC.rt)| 
d «- PegReadfrd. 128) 
c Regfceadfrc. 128) 
b 4- RegReadfrb. 128} 
•gsize 4- togfgsizel 
wwe 4-128 
msize 4- 2S6 
vsi/e 4- 128 
case op of 

E.CON.F.flL E.CON.C.F.B: 

m d M c 
E.CON.F.L E.CON.CF1 : 

m «- c II d / 

endcase 

for i «- 0 to wsize-gsize by gsize 

//NULL value doesn't combine with zero to after sign bit 
q|0|.t 4- NULL 

for j 4- 0 to vsue-gsjzc by g»ze 
case op of 

E.CONF.L E.CONF.B: 
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q(^gstfe| «- raddfqty, nmflgstte.raHl28-j.bjl) 
E.CONCF.L E.CONCFA 

H M & j & gsue « 0 then 

qtrgs»/e| faddjqijj. mul|gsae.m>l28-j.bjH 

efse 

qtrga*e| «- fsub<q(j|. mul(gjwe.f?t»*l28-j*2*gs«e.bjj| 

endif 

enefcase 
endfor 

ags^t^ , PackFfg«e.q|vsiz*J.N) 

RegWr*efrd. 128. a) 
enddef 

Exceptions 

none 



/ 
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Ensemble Extract 

Thvsc operations tike operands from three regwrr*. perform opcranons on partitions of 
bits in the operands, and place the concatenated result* in a fourth rcgistc*. 

Operation codes 



E.MULX 


Ensemble multiply extract 


E EXTRACT 


r.isembte extract 


E.SCALADDX 


Ensemble scale add extract 


Format 








E.opra=rd.rc,rb 








ra=gop(rd.rcrbJ 

31 


24 23 


18 17 12 11 6 


5 0 


1 *p 




rd I rc j rb 


ra | 


8 




6 6 6 


6 



Description 

The contents of registers rd, rc, and rb arc fetched. The specified operation is performed on 
these operands. The result is placed into register ra. 

Bits ;*1..0 of the contents of register rb specifics several parameters which control the 
manner in which data is extracted, and for certain operations, the manner in which the 
operation is performed The position of the control fields allows for the source position to 
be added to a fixed control value for dynamic computation, and allows for the lower 16 bits 
of the control field to be set for some of the simpler extract cases by a single GCOPYI.128 
instruction The control fields are further arranged so that if only the low order 8 bits are 
non-zero, a 1 2X bit extraction with truncation and no rounding is performed 

31 24 23 16 ISMI3I2II >Q9 8 ' 0 

1 fslze | dpos |x|s|nH>knd| qssp \ 

8 8 I I I I I 2 9 
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The table belcw describes the meaning of etch label 





meaning 


fare 


8 


field size 


dpos 


, 8 


destination position 


X 


1 


reserved 


c 


1 


siqned vs. unsioned 


n 


1 


complex vs. real multiplication 


m 


1 


merge vs. extract or mixed-sign 
vs. same-sian multiplication 


1 


1 


limit saturation vs. truncation 


rnd 


2 


rounding 


jase 


9 


group size and source position 



The 9-bit gtsp field encodes both the group size, gme, and source position, apoa 
accords toThe formula gasp = 5l2-4-g.ize + .poa. The group »*c gme »s a power of 
two in the range 1 ..128. The source position, apoa. is in the range 0..(2 ga«e)-l . 

The values in the a, n, m. I and md ficldi have the following meaning. 



values 


s 


n 


"~ m 


1 


rnd 


0 
1 

2 
3 


unsigned 
signed 


real 
complex 


extracysame-sign 
merg^/mixed-sign 


truncate 
saturate 


F 
Z 
N 

C 



For the R.SCAI-ADD.X instructi<»n. bits 127 .64 of the contents of register rc specifies the 
multipliers for the multiplicands in regmers ra and rb. Specifica^ bus 64+2 gsux- 
I. 64-gs«c is the multiplier for the contents of register ra. and bus 64+gsi/c- ..64 is the 
multiplier for the contents of register rb. 



/ 
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An ensemble mdnp!> -extract doublets instruction (RMUI-X) multipbcs vector ra |h g f c d 
c b a] with vectm rb |p o n m I k j i), yielding the result (hp go fh em dJ ck bj ai), rounded 
and limited as specified by rc3i ..n- 




rd|12«t 
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An cnscmMc-muloply*xtract-doublet5-c<Hnplcx instruction (RMl'LX with n set) multiplies 
operand (h g f e d c b a] by operand |p o n m ! k j i) % yielding the result (gp+ho go-hp en+fm 
cm-th cl+dk ck-dl aj+bi ai-bj], founded and hmited as specified. Note that this instruction 
prefer* an organization of complex num^rs in which the real pan is located to the right 
(lou-cr precision) of the imaginary pan.: 




Ensemble complex multiply extract doublets 



An cnscmblc-scalc-add-cxtract-d<>ublcts instruction (RSCALADD.X) multiplies vector ra 
[h g f c d c b a] with rc95..80 |r| and adds the pnnluct to the product of vector rb |p o n m 1 k 
I i) with rc79..6t |<l), gelding the result |hr^pq gr+oq fr+mj cr+mq dr+Iq cr+kq br+jq 
ar-iq). rounded and limited as specified by rc3i..o- 




Ensemble scale add extract doublets 



An ensemble scale-add extract doublets complex instruction (F..SCI.ADD.X -villi n set) 
multiplies vector rajhgfcdcba) with rcj27 % |t s l am ' tnc product to the product 
of vector rb |p n n m 1 k j i) with rc')S..G4 |r uj. yielding the result (hs+gt+pq+ur gs-ht+oci pr 
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fs + ct + nq+mr es-ft+mq nr ds+ct+Iq+kj cs-dt+kq-lr bs+at+jq+ir as-bt+iq-jr), rounded and 
limited as specified by rt'3|..0- 




im rail 28| • 

tnsemble complex scale add extract doublets 



For the F. KX'J"RACT instruction, when m=0, the parameters are interpreted to select a 
fields from the catenated contents (if registers rd and rc, extracting values which are 
catenated and placed in repster ra.: 



«#- fsize -*~« — ipos 




til*e -*~« dpos - 

Ensemble extract 



/ 
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R^tn ensetnWc imtKe^xtna (G.X when m=1), the parameters ire inrer~rted r« merge a 
fields from the contents of register rd with the contents of register rc. The results are 
catenated and placed in register ra. 




Ensemble merge extract 

QefioitiQQ 

def nxjWwe.h. viv.i,w*.wjj as 

enddef ' 

def tnsemtXe£xtr^irt(op.ra.rt).rcrdJ as 
d +- RegReadfrd, I28j 
c «- ftegffeadfrc, 128} 
b «- RegReadfrb. 128) 
case bg o of 
C 255: 

sgsue «- 128 
256.383: 

sgsue 64 
384.447 

vjsize «- 32 
448.479: 

sgsi/e «- 16 
480 495: 

sgsj/e 4- 8 
496 503: 

sgsi/e 4 
504.507: 

sgsi/e 4- 2 
508.5 II: 

/ sgwe *- I 

entfease 
I - b n 

n «- b| 3 
s*gned «- b, 4 
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case op of 

E.EXTRACT: 

gsi/e 4- sg&ze 
h 4- (2-m(*gui:e 
as «- signed 

spas 4- fbg j\ and ||2-firgsize-i) 

if fsgsue < 8) men 

gsize 4- 8 
efcerf |sg:.< *(n*l) > 32) then 

gsize 4- 32/{n+\) 

else 

gsi/e 4- sgsize 

endtf 

d$ *- cs 4- signed 
bs 4- signed * m 
as'4- signed or m or n 
h 4- (2*gst?eJ ♦ I ♦ n 

«- to o) *nd (2*gsize-l) 

EMU X 

if (sgsize < 8> then 

gsae 8 
eHetf (sgsiz^^i) > J28) then 
gsize 4- l28/|mlj 

etse 

gsize 4- sgsize 

ds 4- signed 

cs 4- signed * rr. 

as 4~ signed or m or n 

h 4- (2*g«ze) ♦ n 

*P° S to 0) and /2 4 gsize-?J 

crvkase 

dpos 4- (0 II o 23 l6 j *n<j (gsize- 1] 
r 4- spos 

sfsize 4- (0 H b 3 j 24) and {gsize- 1) 

tfvze 4- (sf W e = 0) or f(sfsize*dpos) > gsize) ? gsize-dpos : sfsae 
fsize ftfsize ♦ spos > h) ? h - spos : tfsize 
if (b, 0 9*2) and not as then 
rnd 4- F 

else 

rnd «- b| 0 9 

endif 

for 1 4- 0 to 1 28-gsize by gsize 
case op of 

E. EXTRACT: 
ff m then 

else 

p 4- |d I I c;2- ( g SJ/e ^.|..2-, 

endif 

E.MULX 

if n then 
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if |i and gsuef - 0 then 

p «- muKgsizeAcn.d^cici) - muqgsizeAd? d.HSuexs.Osuef 

efse 

p «- mi4|gsi*eAds,d.ics,c,*si*e| ♦ mul|gji*eAdid.us.c.HStfeJ 

endrf 

else 

p «- mi^gsfeeAdidACiM 

end* 
ESCALADOX 
if n then 

if (i and g*izej = 0 then 

p «- mulfg$izeAdid.i,bitx64*2*gsj;e| 

♦ muKgsi*eAcic.i,btb.64) 

♦ rTK^stfeAds,d>gsi;e.bib.64+3*gsi;e) 
- mu*fgj;7eAcsx^Stfe,bsA64*gstfe) 

eh- 

p «- rTHjlfgsi*eAds.d.i,bio.64*3 4 gsi2e} 

♦ mt4gstteAcicxbsA64*gsi*e| 

♦ mu4fgstfeAdSwd>g»/ebSwb.64^2 < gsize) 

♦ mctfgsi* cAcsx>gsire.bs b.64) 

endif 

efse 

p «- muffgsaeAds.d.ib&b.64*gsi2C ♦ mu*igsizeAcs.e,i.bsA64) 

endif 

endcase 
case rr.d of 
N: 

s «— </ l-f I I -pr II p£" ! 

Z: 

s 4- 0*-' II pf,., 

F: 

S 4- 0* 

C 

s *— 0^** 1 1 l r 

endcase 

v- (las & Ph-iMlpl ♦ foils) 

' fvn ffy/e a fas & Vr^ie-ll** 1 or not (I and fop « F. EXTRACT}) then 

w «- |aj & **#y/e.|J^ /e ~ fwe ' dp<>s 1 1 v to . N .. r I I 0**** 

else 

w - |s ? fv h II -vfl**^** 1 ) : igsize^pos, , , Qdpos 

endif 

* m and fop « £ cXTRACTJ then 

3 we-l*< » «- c gwe- !♦< dpoWw** 1 I WdpoWvre- 1 dpo? 1 1 c dpos-l*l i 

che 



«*ndfor 

RegWritefra. 128. 4 
encide. 
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Ensemble Extract Immediate 

These operations take operands from two registers and a short immediate val'ie, perform 
operands on partitions of hit* in the operands, and place the concatenated results in a third 
register. 



E.EXTRACT.! 8.C 


l^ttr extract mmrttjtf signed bytes rrmng 


E.EXTRACT I.8.F 


tmerrtxe extract rrme&Me signed byt« floor J 


E.EXTRACT 1.8. N 


f memt>e extra- . irvneAate rigned byte* nearest 


E.EXTRACTJ 8 Z 


fnvmttp enrtracr mmnldtf signed b>f« /wo 


E EXTRACT.M6.C 


{ nvrmbie extract wrmnXatr vjned .Ajubr :e*ng 


E EXTRACT l.!6.F 


f oymwf e*tr act rrvnedate signed doublets ftoor 


E EXTRACT I 16 N 


f memoir ertract rrvdMf signed doublets ne» e5 


E.EXTRACT./. I6.Z 


f rrw-r.iUie '*xrar» mmeduce signed oouoets zero 


E.EXTRACTJ.32 C 


I »sembie estr^n vnmedkafe signed quadten re*ng 


E.EXTRACT 32> 


I memoie e*tr*n mmertMtr stated <jua*lea ftoor 


E EXTRACT.I.32.N 


(memo* extract rrmrottfr signed jjuaovts nearest 


E.EXTRACT "12.Z 


f rwm«e etfrart mrwHe signed guadtets rero 


E EXTRACT ! 64 C 


* n.fmoie extract »nmet*ate signed ocffeo ceiirx, 


E.EXTRACT./. 64. F 


f^nrmttf extract mmeo\afe signed ortJer ftoor ^ 


E.EXTRACT.! 64 N 


t r-vrmDir extract wnedUte vepx-c orOets nearest 


E.EXTRACT.I.64.Z 


f nvmr^e extract mmrdtate signed octtets /«ro 


E.CXTRACM U.3 C 


f m-rr**r ear art mmrduxr unvgnr^ byres cefcng 


E EXTRACT l : J 8. F 


{ nvfTWf etfrart enmeefcate unsigned bytes ftoor 


E EXTRACT.!. U. 8 N 


f •nemoie extract rnmrdufe unsigned Dytes nearest 


E EXTRACT ! U 16 C 


f nv^noip eirrart «nm*dV*e unvgned doutvss ce*ng 




E EXTRACT! U.I o.F 


f ; .vorrxw crtrart mmedure unsigned doublets floor 


t EXTR/TT I.U 16 N 


f rvmwp extract enrneoYat e rwgned doublets neares: 


E.EXTRACT.! U.32 C 


f memwe e*ti*c\ xivneriate unsigned quadlen re**>g 


E.EXTRACT 1.U.32.F 


FmmioJr eil/ac romeotate unsigned quadiett *oor 


E.EXrF.VTT./.U.32.N 


1 rrvmOir rxtr.xi mmfdwtp unsigned guadlets nearest 


E EXTRACT ! U 64 C 


£ *nemfiir extract ovnrdMfr resigned ocOen ce*ng 




E.EXTRAC...I/64F 


( membie ex&*ct vrvnedute unsigned orOeu «orr 


E EXTRACT ! U.64 N 


I nvmwf e«trr : xrvnedMte unsigned oc»eu nearer 


E.MULX.I.8C 


f memoir mumpry exjact vnmecMe »ved bytei ce*n*t 


E.\AUIA!.8.F T 


fm^nttf mumpry extrac; m.^lwte signed tyte* ftoor 


E.MULX.I.8.N 


f memoir .xJOpry entrart xrvne Jk«te signed bytes nea/e« 


E.MUL.XI.8Z 


t rsemoie mjopy eitrart »tvtu» 1iatr signed bytes zero 


E.MULX.! 16 C 


tfrmntue mumpry eitract mmrtwrr signed doublets ce*ng 


E.MULX.I.I6F 


f men^aie TxApiy ex*ract rnrnedwte wgnec* doublets ftoor j 


E.MUIX.I.I6.N 


fntem.> -vrfGpry extract vnmroVte signed double i nearest 


E.MULX.I.I6.Z 


f mrmr:.r mufOr#y extrac: mmediate signed rtoubien -ero 


E.MULX! 32. C 


1 nvrrj-iic rxjftiryy vmtr^rt rnmediate wgned »xwkJW', ceir»g 


E.MULX.I.32.F 


(mrmb^ mumj y e^trai [ rnrnedMe vjne*.' <?iadlecs floor 
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